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METHOD FOR COMPENSATING FOR
SCREEN MOVEMENT OF DISPLAY AND
ELECTRONIC DEVICE FOR SUPPORTING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s based on and claims priority under 35
US.C. § 119(a) of a Korean patent application number
10-2019-0067604, filed on Jun. 7, 2019, 1n the Korean
Intellectual Property Office, and a Korean patent application
number 10-2020-0062430, filed on May 25, 2020, in the
Korean Intellectual Property Office, the disclosure of each of
which 1s 1incorporated by reference herein 1ts entirety.

BACKGROUND

1. Field

The disclosure relates to a method for compensating for a
jelly scroll phenomenon during screen movement of a
display. More particularly, the disclosure relates to an elec-
tronic device and method for compensating for screen
movement ol a display for naturally displaying screen
movement.

2. Description of Related Art

An electronic device of the related art may include a
display and may visually provide a user with a variety of
screens on the display. The electronic device may include a
display and a display dniver integrated circuit (DDI) for
driving the display. The DDI loaded into the electronic
device may receive display data from a processor to drive
the display.

The above imnformation 1s presented as background infor-
mation only to assist with an understanding of the disclo-
sure. No determination has been made, and no assertion 1s
made, as to whether any of the above might be applicable as
prior art with regard to the disclosure.

SUMMARY

Movement of displayed contents or screen movement
may occur on a display of each of various electronic devices
of the related art under control of a processor. Meanwhile,
because the display implements a screen by sequentially
providing gate signals to a plurality of gate lines, a data

update time for each gate line may vary. Thus, when a screen
moves on the display of the related art and when a direction
where the screen 1s moved 1s not identical to a gate scan
direction, there 1s a visual problem (e.g., smooth pursuit) 1n
which arranged i1mages or texts are not seen as being
horizontally moved and are seen as being moved in an
inclined state.

Aspects of the disclosure are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the disclosure 1s to provide a method for
compensating for screen movement of a display for naturally
displaying screen movement by compensating for an image
or text output state according to a movement speed when
screen movement occurs on the display and an electronic
device for supporting the same.
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2

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, 1n part, will be apparent from the

description, or may be learned by practice of the presented
embodiments.

In accordance with an aspect of the disclosure, an elec-
tronic device 1s provided. The electronic device includes a
display configured to output a screen and a processor
operatively connected to the display. The processor 1s con-
figured to receive a user mput associated with movement of
a screen output on the display, detect a screen movement
speed corresponding to an input associated with the screen
movement, and differently determine an amount of tilt
compensation of at least some screen regions according to
the screen movement, according to the screen movement
speed.

In accordance with another aspect of the disclosure, a
method for compensating for screen movement of a display
1s provided. The method includes outputting a screen on the
display, recerving a user input, determining whether a screen
movement direction corresponding to the user input 1s
identical to a gate scan direction when the user input 1s an
input associated with screen movement, detecting a screen
movement speed corresponding to the input associated with
the screen movement when the screen movement direction
1s not i1dentical to the gate scan direction, and differently
determining a compensation value associated with a degree
to whether a current screen frame 1s inclined, according to
the screen movement speed.

Other aspects, advantages, and salient features of the
disclosure will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses various
embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the disclosure will be more apparent
from the following description taken 1n conjunction with the
accompanying drawings, in which:

FIG. 1 1s a drawing illustrating some components of an
clectronic device for supporting compensation ol screen
movement according to an embodiment of the disclosure;

FIG. 2 1s a flowchart 1llustrating an example of a method
for compensating for screen movement of a display accord-
ing to an embodiment of the disclosure;

FIG. 3 1s a flowchart illustrating another example of a
method for compensating for screen movement of a display
according to an embodiment of the disclosure;

FIG. 4 1s an i1llustration of display settings associated with
detecting a screen movement speed according to an embodi-
ment of the disclosure;

FIG. 5 1s an illustration of an example of a method for
detecting a screen movement speed according to an embodi-
ment of the disclosure;

FIG. 6 1s an illustration of another example of a method
for detecting a screen movement speed according to an
embodiment of the disclosure;

FIG. 7 1s an illustration of an example of modifying a
method for detecting a screen movement speed according to
an embodiment of the disclosure;

FIG. 8 1s an illustration of another example of modilying
a method for detecting a screen movement speed according
to an embodiment of the disclosure:

FIG. 9 1s an illustration of an example of a hardware
operation method associated with detecting a screen move-
ment speed according to an embodiment of the disclosure;
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FIG. 10 1s an 1llustration of an example associated with
setting a region of interest (ROI) according to an embodi-

ment of the disclosure;

FIG. 11 1s an illustration of another example associated
with setting an ROI according to an embodiment of the 5
disclosure:

FIG. 12 1s an 1llustration of a change in visibility associ-
ated with eye tracking according to an embodiment of the
disclosure:

FIG. 13 1s an illustration of an example of a change 1n the 10
amount of compensation according to eye tracking accord-
ing to an embodiment of the disclosure;

FIG. 14 1s an illustration of weight adjustment associated
with representing the same screen according to an embodi-
ment of the disclosure; 15

FIG. 15 1s an illustration of an example of applying a
compensation value according to an embodiment of the
disclosure;

FIG. 16 1s an illustration of another example of applying
a compensation value according to an embodiment of the 20
disclosure:

FIG. 17 1s an 1llustration of an example of the concept of
compensating for a screen movement according to an
embodiment of the disclosure; and

FIG. 18 1s a block diagram illustrating an electronic 25
device 1 a network environment according to an embodi-
ment of the disclosure.

Throughout the drawings, 1t should be noted that like
reference numbers are used to depict the same or similar
elements, features, and structures. 30

DETAILED DESCRIPTION

The following description with reference to accompany-
ing drawings 1s provided to assist 1n a comprehensive 35
understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes
various specific details to assist 1n that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill 1n the art will recognize that various 40
changes and modifications of the various embodiments
described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of
well-known functions and constructions may be omitted for
clarity and conciseness. 45

The terms and words used in the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the mventor to enable a clear and
consistent understanding of the disclosure. Accordingly, 1t
should be apparent to those skilled in the art that the 50
tollowing description of various embodiments of the disclo-
sure 1s provided for 1llustration purpose only and not for the
purpose of limiting the disclosure as defined by the
appended claims and their equivalents.

It 1s to be understood that the singular forms “a,” “an,” 55
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface” includes reference to one or more of such
surfaces.

FIG. 1 1s a drawing illustrating some components of an 60
clectronic device for supporting compensation of screen
movement according to an embodiment of the disclosure.

Referring to FIG. 1, an electronic device 100 according to
an embodiment may include a processor 110, a display
driver integrated circuit (IC) (DDI) 120, and a display 140. 65

The processor 110 (e.g., an application processor, a com-
munication processor, a sensor hub, a touch screen panel

4

(TSP) IC, or the like) may generate display data according
to various embodiments and may provide the DDI 120 with
the generated display data (e.g., data configuring a screen
including at least one of an 1mage or a text). For example,
the processor 110 may encode or compress display data 1n a
specified manner and may provide the DDI 120 with the
encoded or compressed display data. For example, upon
execution of screen movement, the processor 110 may
process compensation (e.g., data transformation for a jelly
scroll phenomenon) associated with the screen movement.
In this regard, the processor 110 may include a display
controller 111, a compression encoder 112, an internal
transmit interface 113 (e.g., a mobile industry processor
interface (MIPI) Tx), and a first serial interface 115.

The display controller 111 may generate display data to be
delivered to the DDI 120, based on data delivered by a
central processing unit/graphic processing unit (CPU/GPU).

The compression encoder 112 may encode display data,
generated by the display controller 111, in a specified
manner (e.g., a display stream compression (DSC) scheme
determined by the video electronics standards association
(VESA)). As a result, the display data generated by the
display controller 111 may be compressed to decrease 1n
data size. For example, the display data generated by the
display controller 111 may decrease in size to 1/n by
encoding of the compression encoder 112. According to
various embodiments, the compression encoder 112 may be
omitted. In other words, the display data may be delivered
to the DDI 120 without the compression process.

The internal transmit interface 113 may deliver the dis-
play data encoded by the compression encoder 112 to the
DDI 120. The internal transmait interface 113 may include a
mobile industry processor intertace (MIPI).

The processor 110 may perform data processing associ-
ated with compensating for screen movement. According to
an embodiment, when display data 1s output, the processor
110 may determine whether a gate scan direction (a direction
formed as scan signals are sequentially output from a gate
driver) 1s 1dentical to a screen movement direction (a direc-
tion where a screen 1s moved by a scroll operation). In this
regard, the processor 110 may obtain at least one of con-
figuration nformation about a content display direction
(e.g., information configured to be output 1n a horizontal or
vertical direction of the electronic device 100 when content
1s output, depending on a user setting, or information
configured to change a content display direction depending
on rotation of the electronic device 100) and information
about a direction where the electronic device 100 1s located
(e.g., sensor information of an acceleration sensor). The
processor 110 may compare the gate scan direction with the
screen movement direction based on the obtained informa-
tion.

When the gate scan direction differs from the screen
movement direction, the processor 110 may calculate a
compensation value associated with compensating for
screen movement, may apply the compensation value, and
may deliver an 1image to which the compensation value 1s
applied (e.g., to the DDI 120). In this operation, the proces-
sor 110 may receive a touch input signal from a touch
circuitry (not shown), may identify occurrence of an input
(e.g., a scroll mput) associated with screen movement, and
may detect a movement speed (or a scroll speed) associated
with the mput associated with the screen movement.

According to an embodiment, when an operation of
determining whether the gate scan direction and the screen
movement direction are the same as each other and opera-
tions of detecting a screen movement speed, calculating a
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compensation value, and applying the compensation value,
when the directions are not the same as each other, are
designed to be performed by the DDI 120, the processor 110
may deliver content display direction configuration infor-
mation to the DDI 120. According to an embodiment, the
processor 110 may deliver sensor information associated
with a state where the electronic device 100 1s located,
which 1s obtained by an acceleration sensor (not shown), to
the DDI 120. According to various embodiment, at least
some of operations of detecting a screen movement speed,
calculating a compensation value, and applying the com-
pensation value may be designed to be performed by the
processor 110 (e.g., the application processor), and at least
the other of the operations may be designed to be performed
by the DDI 120.

According to various embodiments, a sensor hub (or a
sensor control processor) associated with operating a sensor
of the electronic device 100 1s located 1n the electronic
device 100, and the electronic device 100 may include a
signal line which 1s directly connected between the sensor
hub and the DDI 120. In this case, the function of delivering,
sensor mformation of the processor 110 may be omitted, and
the sensor information may be delivered by the sensor hub.
The information delivered by the sensor hub may include at
least one of a touch input signal of the touch circuitry and
sensor 1nformation associated with the state where the
clectronic device 100 1s located.

The processor 110 may deliver a control signal to the DDI
120 wvia the first senal interface 115. For example, the
processor 110 may receive a touch input signal from the
touch circuitry and may deliver the received touch input
signal to the DDI 120 via the first serial interface 115.
According to various embodiments, the processor 110 may
collect a sensor signal of at least one sensor (e.g., an
acceleration sensor for sensing the state where the electronic
device 100 1s located) included in the electronic device 100
and may deliver the collected sensor signal to the DDI 120
via the first serial interface 115. Alternatively, the processor
110 may deliver information, about a screen movement
speed received from the touch circuitry, the state where the
electronic device 100 1s located, which 1s determined based
on a sensor signal, or a gate scan direction, to the DDI 120
via the first serial interface 113.

The DDI 120 may calculate and apply a color transform
value of display data depending on settings and may output
the display data to the display panel 143. When the processor
110 1s designed to perform compensation processing asso-
ciated with operating screen movement and calculate and
apply a compensation value, the DDI 120 may play a role 1n
receiving display data to which the compensation value 1s
applied according to screen movement from the processor
110 and outputting the display data to the display panel 143.
According to various embodiments, when the DDI 120 1s
designed to perform compensation processing associated
with operating screen movement, 1t may detect a screen
movement speed when receiving display data from the
processor 110, may generate compensated data 1n response
to the detected screen movement speed, and may output the
generated compensation data on the display 140.

According to various embodiments, the DDI 120 may set
a region of 1nterest (ROI) prior to detecting a screen move-
ment speed. Alternatively, the DDI 120 may compare a
screen movement speed with a predefined compensation
application range value to determine whether to generate
compensate data. According to various embodiments, when
the processor 110 also detects a screen movement speed and
delivers a screen movement speed value to the DDI 120 1n
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conjunction with compensating for screen movement, the
DDI 120 may calculate a compensation value depending on
the received screen movement speed value and may output
display data to which the compensation value 1s applied.
The DDI 120 may include the internal receive interface

121 (e.g., the MIPI Rx), a MIPI display serial interface (DSI)

122, an interface controller 123, a second serial interface
124, a command controller 125, a first memory 126 (e.g., a
graphic RAM (GRAM)), a memory controller 127 (e.g., a
GRAM controller), a compression decoder 128, a second
memory 129 (e.g., a single port static RAM (SPSRAM)), a

first internal processing module (IP1) 131, a second internal
processing module (IP2) 132, a shiit register 133, a display
timing controller 134, and an internal oscillator 135.

The internal receive interface 121 may communicate with

the processor 110 to receive control information and display
data from the processor 110. The internal receive interface
121 may include, for example, a MIPI receiver circuit. When
receiving control information and display data via an inter-
nal transmit interface (a MIPI transmitter circuit) of the
processor 110, the internal receive interface 121 may deliver
the control information and the display data to the interface
controller 123 via the MIPI DSI122. The MIPI DSI 122 may
be a component capable of being added when the internal
receive interface 121 1s designed to process data of a MIPI
mode, which may be omitted or may be replaced with
another component, when the internal transmait interface 113
and the iternal recerve interface 121 are changed.
The interface controller 123 may receive display data
and/or control information from the processor 110. The
interface controller 123 may deliver the recerved display
data to the memory controller 127. The interface controller
123 may deliver the received control mmformation to the
command controller 125. According to an embodiment, the
interface controller 123 may receive sensor information via
the second serial interface 124. For example, the interface
controller 123 may receive screen movement mnformation
collected by the touch circuitry or sensor information asso-
ciated with the state where the electronic device 100 1s
located via the second sernal interface 124 and may deliver
the screen movement information and the sensor informa-
tion to the command controller 125.

The memory controller 127 may write the display data
received from the interface controller 123 on the first
memory 126. For example, the memory controller 127 may
write the display data on the first memory 126 depending on

a Trame rate of the display data delivered by the processor
110.

The first memory 126 may include a GRAM. The first
memory 126 may store display data delivered by the
memory controller 127. The stored display data may include
display data 1n a state where it 1s compressed or 1s not
compressed by the processor 110. The first memory 126 may
include a memory space corresponding to resolution of the
display panel 143 and/or the number of color gradations of
the display panel 143. The first memory 126 may include a
frame butler, a line bufler, or the like. The first memory 126
may vary in the number of updates or 1n speed according to
a type of an 1mage output to the display panel 143. For
example, when a moving image 1s played, display data
corresponding to a frame of the moving image may be
written at a specified speed on the first memory 126. For an
image (e.g., a still image), the first memory 126 may store
a previous 1image until the image 1s updated. The display data
stored 1n the first memory 126 may include a coordinate
value to be displayed on each display region of the display
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140, or an order of the display data may correspond to
coordinates to be displayed on the display 140.

The command controller 125 may apply a color transform
value corresponding to the display data stored in the first
memory 126 to control the display timing controller 134 to
output the display data on a specified region of the display
panel 143. The command controller 125 may be referred to
as a control logic. When at least a portion of display data
read from the first memory 126 1s encoded, the compression
decoder 128 may decode the at least a portion of the display
data 1n a specified manner and may deliver the decoded data
to the display timing controller 134. For example, when the
size of the display data 1s compressed to 1/n by the com-
pression encoder 112 of the processor 110, the compression
decoder 128 may decompress the at least a portion of the
display data to restore the display data to the display data
betfore the compression. The first internal processing module
131 and the second internal processing modules 132 (e.g., an
up-scaler and/or an image pre-processing unit) may be
located between the compression decoder 128 and the
display timing controller 134. According to various embodi-
ments, when the at least a portion of the display data selected
by the command controller 125 1s not encoded, the com-
pression decoder 128 may be omitted or bypassed.

The first 1mternal processing module 131 may perform
data calculation and display data processing, which are
associated with processing screen movement. For example,
the first internal processing module 131 may obtain and
store (e.g., 1n the second memory 129) at least a portion
(e.g., diagonal pixel information crossing some regions of a
screen) ol display data read from the first memory 126 and
may detect a screen movement speed based on a change in
the at least a portion of the display data. When the screen
movement speed 1s detected, the first internal processing
module 131 may calculate a compensation value to be
applied to display data in conjunction with the screen
movement speed and may generate compensation data by
applying the calculated compensation value to each of the
display data. The first internal processing module 131 may
store the compensation data to which the compensation
value 1s applied in the second memory 129 and may then
deliver the compensation data to the second internal pro-
cessing module 132. According to various embodiments, the
first internal processing module 131 may calculate an ROI
based on the display data. For example, the first internal
processing module 131 may detect a change 1n display data
using the second memory 129 and may detect an ROI based
on the change in display data. The first internal processing
module 131 may detect a screen movement speed in the
detected ROI and may calculate and apply a compensation
value to be applied to the ROI. The first internal processing,
module 131 may be implemented as a software module
capable of processing the above-mentioned compensation
associated with the screen movement to be loaded or may be
provided as a separate hardware processor capable of pro-
cessing the compensation associated with the screen move-
ment to be disposed 1n at least one of the mside and the
outside of the DDI 120.

The second internal processing module 132 may be
implemented as a hardware processor capable of processing
a function of a scaler or an 1mage pre-processing unit or may
be provided in the form of a software block to be loaded 1nto
the DDI 120. The second internal processing module 132
may perform an up-scaler function of scaling up the decom-
pressed 1mage at a specified magnification. According to an
embodiment, when 1t 1s necessary to scale up display data
depending on a size of the display data to be output on the
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display panel 143 or depending on a user setting, the second
internal processing module 132 may scale up the display
data. The scaled-up display data may be delivered to the
display timing controller 134. When at least a portion of the
display data 1s not required to be scaled up, the up-scaler
function of the second internal processing module 132 may
be omitted or bypassed. The second internal processing
module 132 may perform a function of a pre-processing unit
for enhancing image quality of display data. The second
internal processing module 132 may include, for example, a
pixel data processing circuit, a pre-processing circuit, a
gating circuitry, and the like.

The display timing controller 134 may control timings of
components 1ncluded in the DDI 120. For example, the
display timing controller 134 may adjust a timing for storing
display data received from the processor 110 in the first
memory 126 and a timing for reading display data stored in
the first memory 126 not to be overlapped with each other.
The display timing controller 134 may control a timing for
reading display data stored in the first memory 126 at a
specified frame rate in response to control of the command
controller 125 and delivering the display data to the com-
pression decoder 128, the first internal processing module
131, and the second internal processing module 132.

The display timing controller 134 may deliver display
data, recerved from the second mternal processing module
132, to a source driver 142 in response to control of the
command controller 125 and may control to output a gate
signal of a gate driver 141. According to an embodiment, the
display timing controller 134 may be implemented to be
included in the command controller 125. The display timing
controller 134 may convert display data received from the
first memory 126 or the second memory 129 via the second
internal processing module 132 1nto an 1mage signal and
may provide the image signal to the source driver 142 and
the gate driver 141 of the display panel 143.

The shift register 133 may receive the data processed by
the second internal processing module 132 and may deliver
the recetved data to the source driver 142 under control of
the display timing controller 134. The internal oscillator 135
may generate a timing signal necessary to operate the
display timing controller 134 and may deliver the generated
timing signal to the display timing controller 134.

The display 140 may include the source driver 142, the
gate driver 141, and the display panel 143. In addition, the
display 140 may further include a touch panel and a touch
IC associated with a user input, a pressure sensor and a
pressure sensor 1C, a digitizer, or the like.

The display panel 143 may display a varniety of informa-
tion (e.g., information including at least one of multimedia
data or text data) to a user. The display panel 143 may
include, for example, a liquid-crystal display (LCD) panel,
an active-matrix organic light-emitting diode (AM-OLED)
panel, or the like. The display panel 143 may be imple-
mented to be, for example, tlexible, transparent, or wearable.
Furthermore, the display panel 143 may be included 1n, for
example, a cover of a case electrically combined with the
clectronic device 100.

The display panel 143 may receive an i1mage signal
corresponding to display data from the DDI 120 and may
display a screen according to the display data. A plurality of
data lines and a plurality of gate lines may intersect each
other on the display panel 143, and a plurality of pixels may
be disposed in the intersecting region. When the display
panel 143 corresponds to an OLED panel, each of the
plurality of pixels may include at least one or more switch-
ing elements (e.g., FETs) and one OLED. Each pixel may
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receive an 1mage signal or the like from the DDI 120 at a
certain timing to generate light. The display panel 143 may
have, for example, specific resolution (e.g., resolution of
1536 (horizontal)x2152 (vertical))

Each of the source driver 142 and the gate driver 141 may
generate signals provided to a scan line and a data line of the
display panel 142, which are not shown, based on a source
control signal and a gate control signal received from the
display timing controller 134.

FI1G. 2 1s a flowchart 1llustrating an example of a method
for compensating for screen movement of a display accord-
ing to an embodiment of the disclosure.

Referring to FIG. 2, 1n the method for compensating for
screen movement according to an embodiment, 1n operation
201, a processor 110 (or at least one of an AP and a DDI 120)
ol an electronic device 100 of FIG. 1 may turn on a display
140 of FIG. 1 depending on a user iput or a predetermined
system setting. After the display 140 1s turned on, the
processor 110 may control to process various predetermined
functions. For example, the display 140 may output an 1dle
screen, may output a specific webpage depending on a user
input, or may output a picture search screen including a
plurality of thumbnail 1mages depending on execution of a
gallery function. Alternatively, the display 140 may output a
screen, at least a portion of which 1s composed of text.
According to various embodiments, the display 140 may
output a screen including a plurality of divided screens, each
of which includes different information, or may overlap or
overlay and display a window (e.g., a video pop-up window
or a notification pop-up window), which displays second
information with a screen (e.g., a screen cluding at least
some texts) where first information 1s displayed in the
background, on the screen where the first information 1s
displayed.

When the mput associated with the screen movement 1s
received, 1n operation 203, the processor 110 (or at least one
of an AP and a DDI 120) may determine whether a gate scan
direction and a scroll direction of the display 140 are the
same as each other. In conjunction with the iput associated
with the screen movement, the electronic device 100 may
include a touch circuitry composed of a touch screen (or a
touch panel) and a touch IC for driving the touch screen (or
the touch panel). When receiving the input associated with
the screen movement through the touch screen, the proces-
sor 110 may 1dentify a direction of the screen movement and
may compare the screen movement direction with the gate
scan direction. In this regard, the processor 110 may i1dentily
at least one of configuration information about a content
display direction (e.g., configuration mformation to be dis-
played 1n a horizontal or vertical direction when content 1s
displayed or configuration information to change the content
display direction to the horizontal or vertical direction
depending on a direction where the electronic device 100 1s
located) and a state where the electromic device 100 1is
located.

In conjunction with identitying the state where the elec-
tronic device 100 1s located, the processor 110 may 1dentify
whether there 1s a setting for being displayed in only the
horizontal direction when content 1s displayed or there 1s a
setting for being displayed in only the vertical direction
when the content 1s displayed. Alternatively, the processor
110 of the electronic device 100 may determine whether a
change in horizontal or vertical display according to the
direction where the electronic device 100 1s located 1s set.
When a content display direction 1s set to be changed
according to an arrangement direction, the processor 110 of
the electronic device 100 may obtain sensor information and
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may identily a state where the electronic device 100 1s
located. In this regard, the electronic device 100 may include
a gyro sensor or an acceleration sensor and may identify a
gate scan direction based on collected sensor information.

The gate scan direction may be a direction where gate
signals are sequentially input to a plurality of gate signal
lines constituting the display 140. Because a state where the
gate signal lines of the display 140 are arranged i1s fixed,
when content display i1s set to change 1n a horizontal or
vertical direction according to a change 1n arrangement of
the electronic device 100, the gate scan direction may be
determined according to a state where the electronic device
100 1s located. For example, the gate scan direction may be
determined from the left to the right, from the right to the
left, from the top to the bottom, or from the bottom to the
top, according to a direction where the electronic device 100
1s disposed.

When the gate scan direction 1s not the same as the scroll
direction, 1n operation 203, the processor 110 (e.g., at least
one of an AP or the DDI 120 of the electronic device 100)
may collect a screen movement speed. In this regard, the
processor 110 may detect a pixel change according to
movement ol a screen output on the display 140 and may
calculate a screen movement speed depending on the pixel
change. According to various embodiments, the processor
110 may calculate a scroll speed using touch coordinates
transmitted from the touch circuitry. Alternatively, the pro-
cessor 110 may detect a change 1n a partial region of a screen
output on the display 140 and may calculate a screen
movement speed according to the detected change. Accord-
ing to various embodiments, the processor 110 may collect
a screen movement speed from the touch circuitry which
provides the input associated with the screen movement. The
screen movement speed may include, for example, a pixel
change rate per frame. When the gate scan direction 1s the
same as the scroll direction, in operation 211, the processor
110 may output data stored in a frame bufller on the display
140 without separate compensation associated with the
screen movement.

In operation 207, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
calculate a compensation value (or the amount of screen tilt
compensation) to be applied to display data to be output
according to a screen movement speed. In this operation, the
processor 110 may vary a level of the compensation value
(or the amount of compensation) depending on the screen
movement speed. According to an embodiment, the proces-
sor 110 may calculate a compensation value where the
number of equal parts dividing the display 140 1s increased
as the screen movement speed 1s increased. According to an
embodiment, the processor 110 may calculate a compensa-
tion value where the number of equal parts dividing the
display 140 1s decreased as the screen movement speed 1s
decreased. According to various embodiments, the processor
110 may vary a size of a region for changing data, on each
of screen regions equally divided according to a screen
movement speed. For example, the processor 110 may
equally divide a screen into several columns 1 a first
direction (e.g., a horizontal direction) depending to a screen
movement speed. The processor 110 may divide a screen
region equally divided into each column into a plurality of
regions 1n a second direction (e.g., a horizontal direction)
and may determine a region to change data. According to
various embodiments, when the screen movement speed 1s
included 1n a specified first interval (or a first time range), the
processor 110 (or the DDI 120) may determine the amount
of screen tilt compensation according to the screen move-
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ment based on the screen movement speed (the amount of
compensating for a state where at least a portion of the
screen 1s inclined to be horizontally seen). Alternatively,
when the screen movement speed 1s included 1 a second
interval (or a second time range) faster than the first interval,
the processor 110 (or the DDI 120) may set the amount of
screen tilt compensation based on the screen movement
speed to be kept constant.

In operation 209, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
apply compensation for each equally divided region to
display data to be output. According to an embodiment, with
respect to respective regions ol a screen equally divided to
include a plurality of columns, the processor 110 may
vertically divide each of the regions into three regions, may
add data to the first region (e.g., a data copy region), may
maintain original data on the second region (e.g., a data shaft
region) to move a location of the original data, and may
remove data from the third region (e.g., a data truncation
region) to generate compensation data for screen movement.
In this operation, the processor 110 may assign a {irst region
or a third region of sub-regions of the display 140, which are
adjacent to a region to which a gate signal 1s relatively first
input among equally divided regions to be larger (or smaller)
in size than a first region or a third region of sub-regions to
which the gate signal 1s input relatively later. According to
various embodiments, as going from a sub-region adjacent
to a region to which a gate signal 1s relatively first input
among equally divided regions to sub-regions being away
from the region, the processor 110 may generate compen-
sation data where a first region (or a third region) of the
respective sub-regions 1s assigned to be gradually larger (or
smaller) 1 size. According to various embodiments, as
going from a sub-region adjacent to a region to which a gate
signal 1s relatively first input among equally divided regions
to sub-regions being away from the region, the processor
110 may gradually increase the amount of additional data to
be added to a data copy region of the respective sub-regions
(or remove data by the same amount as added data
increases). According to various embodiments, as going
from a sub-region adjacent to a region to which a gate signal
1s relatively first mput among equally divided regions to
sub-regions being away from the region, processor 110 may
gradually 1ncrease the amount of candidate data to be
removed from a data truncation region of the respective
sub-regions. According to various embodiments, when the
amount of screen tilt compensation based on a screen
movement speed 1s kept constant, the processor 110 (or the
DDI 120) may set the amount of compensation (or the
amount of screen tilt compensation) to 0 or a specific value
(e.g., a pixel/frame of a specific speed). According to various
embodiments, when the screen movement speed 1s included
in a third mterval (or a third time range) faster than the
second 1nterval, the processor 110 (or the DDI 120) may set
the amount of screen tilt compensation according to the
screen movement based on the screen movement speed to O.
Alternatively, when the screen movement speed 1s 1ncluded
in an interval relatively slower than the first interval, the
processor 110 (or the DDI 120) may set the amount of screen
t1lt compensation according to the screen movement based
on the screen movement speed to O.

According to various embodiments, when determining the
amount of screen tilt compensation according to the screen
movement based on the screen movement speed, the pro-
cessor 110 (or the DDI 120) may change the amount of
compensation according to the screen movement speed 1n a
linear or non-linear manner. The non-linear change may
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include, for example, a stepwise change, a change 1n expo-
nential function or logarithmic function, or the like.

In operation 211, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
output display data to which compensation for each equally
divided region 1s applied on the display 140. While the
screen 1S moved 1n a screen movement direction, at least a
portion of the screen may be output to be seen as being
horizontally moved without being tilted, as display data to
which compensation 1s applied 1s output.

In operation 213, the processor 110 (at least one of the AP
or the DDI 120) may determine whether an input signal
associated with ending the screen output 1s recerved. When
there 1s no iput signal associated with ending the screen
output, the processor 110 may branch to operation 203 to
perform the operation from operation 203 again.

In the above-mentioned description, at least one of the
operation of determining whether the gate scan direction 1s
the same as the screen movement direction, the operation of
detecting a screen movement speed when the directions are
not the same as each other, the operation of calculating a
compensation value, or the operation of generating data
(e.g., display data) to which the compensation value 1s
applied may be performed by the processor 110 or the DDI
120. For example, the processor 110 may perform all of the
operation of determining whether the gate scan direction 1s
the same as the screen movement direction, the operation of
detecting the screen movement speed when the directions
are not the same as each other, the operation of calculating
the compensation value, or the operation of generating data
(e.g., display data) to which the compensation value 1s
applied. In this case, the DDI 120 may receive the display
data to which the compensation value 1s applied and may
output the display data on the display panel 143.

According to various embodiments, the processor 110
may perform only the operation of determining whether the
gate scan direction i1s the same as the screen movement
direction and the operation of detecting a screen movement
speed when the directions are not the same as each other. In
this case, the DDI 120 may calculate a compensation value
according to a screen movement speed, may generate dis-
play data to which the compensation value 1s applied, and
may output the display data.

According to various embodiments, the processor 110
may perform only the operation of determining whether the
gate scan direction i1s the same as the screen movement
direction, the operation of detecting a screen movement
speed when the directions are not the same as each other, and
the operation of calculating a compensation value. In this
case, the DDI 120 may recerve the calculated compensation
value and may generate and output compensation data
according to the compensation value.

FIG. 3 1s a flowchart illustrating another example of a
method for compensating for screen movement of a display
according to an embodiment of the disclosure.

Referring to FIG. 3, in the method for compensating for
screen movement according to an embodiment, 1n operation
301, a processor 110 (or at least one of an AP and a DDI 120)
of an electronic device 100 of FIG. 1 may turn on a display
140 of FIG. 1 depending on a user mput or predetermined
information. Performing the function according to the turn-
on of the display 140 may be the same as or similar to
operation 201 described above.

When an iput associated with screen movement 1s
received, 1n operation 303, the processor 110 (or at least one
of an AP and a DDI 120) may determine whether a gate scan
direction and a scroll direction of the display 140 are the
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same as each other. In conjunction with the input associated
with the screen movement, as described above, the processor
110 may receive the input associated with the screen move-
ment from a touch circuitry included in the electronic device
100. The processor 110 may compare a scan direction where
a signal 1s provided to gate lines with the screen movement
direction.

When the gate scan direction and the scroll direction are
not the same as each other, 1n operation 303, the processor
110 (or the DDI 120) may set an ROI. In conjunction with
setting the ROI, the processor 110 may identify the ROI
according to the user mput. According to various embodi-
ments, the processor 110 may detect a screen change from
a screen which 1s currently outputting on the display 140 and
may set a region, where the detected screen change rate 1s
greater than or equal to a specified value, as the ROI.
Alternatively, the processor 110 may 1dentily configuration
information of the screen which 1s currently outputting (e.g.,
configuration iformation defimng whether each region of a
webpage 1s any region) and may set a specified partial region
of the screen as the ROI based on the screen configuration
information. According to various embodiments, the opera-
tion of setting the ROI may be omitted.

In operation 307, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
collect a screen movement speed. When the ROI 1s set 1n
operation 305, 1n operation 307, the processor 110 (e.g., at
least one of the AP or the DDI 120) may collect the screen
movement speed 1n the ROI. For example, the processor 110
may detect changes 1n locations of at least some pixels of the
ROI and may collect a screen movement speed based on the
detected changes. According to various embodiments, the
processor 110 may perform the calculation of the screen
change rate and the calculation of the screen movement
speed 1n the same manner or 1n a similar manner. Alterna-
tively, the processor 110 may use the result of calculating the
screen change rate as the screen movement speed. According
to various embodiments, the processor 110 may perform the
operation of calculating the screen change rate and the
operation of calculating the screen movement speed 1n any
order. For example, after calculating the screen movement
speed, the processor 110 may apply the screen change rate
for detecting (or setting) an ROI (e.g., set a region where the
screen change rate 1s greater than or equal to a certain rate
to the ROI). In this operation, the processor 110 may use the
result of calculating the screen movement speed to set the
ROI. Alternatively, after setting the ROI by detecting the
region where the screen change rate 1s greater than or equal
to the certain rate, the processor 110 may calculate the
screen movement speed for the set ROI. When operation 305
1s omitted, the processor 110 may detect changes in pixels of
at least some regions of the screen and may calculate a
screen movement speed like operation 205 of FIG. 2.
According to various embodiments, 1n conjunction with
calculating the screen movement speed, the processor 110
may calculate the screen movement speed based on at least
one of a drag speed, a fling speed, or a scroll speed of a user
input. Alternatively, the processor 110 may calculate the
screen movement speed based on a change 1n user touch
input.

In operation 309, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
determine whether the calculated screen movement speed 1s
within a compensation application range. A limit value for
determining whether the screen movement speed 1s within
the compensation application range may be determined by
various statistics or experiments. For example, the limit
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value for the compensation application range may be set to
a limit value where 1t 1s possible for eyes of a user to feel
changes while tracking screen changes. The electronic
device 100 may store and operate the limit value for the
compensation application range 1n a separate memory or in
a first memory 126 or a second memory 129 of the DDI 120.
When the screen movement speed departs from the com-
pensation application range, for example, when a degree of
change according to screen movement on the screen 1s quick
enough not to be recognized by eyes of the user or when a
screen change by a scroll operation 1s slower than a gate scan
speed, the processor 110 may omit operations below and
may branch to operation 315 to output display data stored in
a frame bufler (or the first memory 126).

When the screen movement speed 1s within the compen-

sation application range, 1n operation 311, the processor 110
(e.g., at least one of the AP or the DDI 120 of the electronic
device 100) may calculate a compensation value of display
data to be output according to the screen movement speed.
According to an embodiment, when the detected screen
movement speed 1s quicker than a specified first screen
movement speed and 1s slower than a specified second
screen movement speed (e.g., when the detected screen
movement speed 1s greater than or equal to the first screen
movement speed and 1s less than the second screen move-
ment speed), the processor 110 may increase a compensation
value 1n a linear manner depending on the screen movement
speed. For example, like operation 207 describe above, the
processor 110 may differently adjust the number of equal
parts of the display 140 depending on the screen movement
speed, may calculate a compensation value to differently
have a rate of increase of the number of a certain amount of
data to be applied to a data copy region or a rate of increase
of the number of candidate data (or removal data) to be
removed from a data truncation region on equally divided
regions, or may calculate a compensation value to differently
adjust a size of the data copy region or the data truncation
region (e.g., the number of pixel lines).

According to various embodiments, when the ROI 1s set,
the processor 110 (e.g., at least one of the AP or the DDI
120) may calculate a compensation value of display data
according to a screen movement speed, with respect to the
ROI. When the detected screen movement speed 1s greater
than or equal to the second screen movement speed, the
processor 110 may calculated a fixed compensation value.

In operation 313, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
apply a compensation value for each region to display data
to be output. For example, like operation 209 above of FIG.
2, the processor 110 may equally divide the screen into a
certain number of columns according to a compensation
value 1n a first direction and may add data to some regions
or may delete data from the other regions in a second
direction (e.g., a direction perpendicular to the first direc-
tion) with respect to the equally divided respective columns
to generate compensation data. In this operation, when the
ROI 1s set, the processor 110 may {ix a region around the
ROI and may process a screen update where the compen-
sation value 1s applied to only the ROI.

In operation 3135, the processor 110 (e.g., at least one of
the AP or the DDI 120 of the electronic device 100) may
output display data, to which the compensation value for
cach region 1s applied, on the display 140. Thereaiter, 1n
operation 317, the processor 110 may determine whether an
input signal associated with ending the screen output is
received. When there 1s no input signal associated with
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ending the screen output, the processor 110 may branch to
operation 303 to perform the operation from operation 203
again.

FI1G. 4 1s a drawing illustrating display settings associated
with detecting a screen movement speed according to an
embodiment of the disclosure. FIG. 5 1s a drawing illustrat-
ing an example of a method for detecting a screen movement
speed according to an embodiment of the disclosure.

Referring to FIGS. 4 and 5, a display 140 may 1nclude a
display panel 143, a gate driver 141, and a source driver 142.
As described above, the display panel 143 may include gate
signal lines (e.g., H: 1536) connected with the gate driver
141 and source signal lines (e.g., V: 2132) connected with
the source driver 142. A DDI 120 (or the processor 110) of
the electronic device 100 may detect a change 1n at least a
portion of data (or display data, a screen, or an 1image) output
on the display panel 143 to detect a screen movement speed.
For example, as shown, the DDI 120 may detect a change 1n
information of pixels located on a diagonal of at least a
portion of the display panel 143 to detect a screen movement
speed.

Because a probability that diagonal pixels will be changed
1s higher than a probability that specific horizontal line
pixels will be changed or that specific vertical line pixels
will be changed while a screen 1s changed according to
screen movement, the DDI 120 may set a diagonal for at
least a portion of the display panel 143. The DDI 120 may
store and compare pixel information of each diagonal on a
frame-by-frame basis. Alternatively, the DDI 120 may
obtain diagonal pixel information items from a frame at a
time when an input associated with screen movement
occurs. When a screen 1s moved according to the input
associated with the screen movement, the DDI 120 may
detect movement of diagonal pixels and may calculate a
movement distance according to the mput associated with
the screen movement to determine a screen movement
speed.

In conjunction with setting the diagonal, the DDI 120 may
set a central region (e.g., source lines 309 to 1844 and gate
lines 1 to 1536), except for upper some regions (€.g., source
lines 1 to 308) and lower some regions (e.g., lines 1845 to
2152) of the display panel 143, and may set a diagonal
connecting vertices of the central region.

In conjunction with setting the central region, for a
webpage, statistically, the upper some regions and the lower
some regions may be fixed (may frequently be fixed) 1n
information and may be regions (or may Irequently be
composed of regions) set not to be scrolled although there 1s
an 1nput associated with screen movement. Thus, when a
corresponding region 1s excluded from a diagonal setting
region associated with detecting screen movement speed,
diagonals may be reduced in length. As a result, the opera-
tion of detecting the screen movement speed may be
enhanced by reducing the amount of data to be compared
and searched {for.

According to an embodiment, in state 301, the DDI 120
may set a diagonal connecting left upper point coordinates
(309, 1) of the display panel 143 with rnight lower point
coordinates (1844, 1536) of the display panel 143. The DDI
120 may compare pixel information items while alternating
the upper side and the lower side on the basis of the set
diagonal. For example, the DDI 120 may compare informa-
tion of pixels of a diagonal connecting point coordinates
(310, 1), which 1s higher by one pixel to the upper side than
a diagonal connecting left upper point coordinates (309, 1)
with right lower point coordinates (1844, 1536), with coor-
dinates (18435, 1536), with information of pixels of a diago-
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nal 1nitially set, and may compare information of pixels of
a diagonal connecting coordinates (308, 1) with coordinates
(1843, 1536) with the mformation of the pixels of the
diagonal mitially set (e.g., mitial configuration information
of pixels of the diagonal connecting the first coordinates
(309, 1) with the second coordinates (1844, 1536)). As
described above, the DDI 120 may compare pixel informa-
tion 1tems of a diagonal at a certain pixel distance to an upper
side than the diagonal initially set. When the pixel informa-
tion 1tems are not 1dentical to each other, the DDI 120 may
compare pixel mformation items of a diagonal at a certain
pixel distance to a lower side than the diagonal 1nitially set
and may gradually compare pixel information items of a
diagonal, which 1s away from the diagonal initially set, to
detect a diagonal having the same pixel information as
information of pixels of the diagonal itially set.

According to various embodiments, when a minimum
movement range 1s set, the DDI 120 may compare pixel
information 1tems from a location spaced apart at a specified
distance. For example, when the screen movement speed 1s
set to a mimmum of 5 pixels/frame, the DDI 120 may
compare pixel information of a diagonal located over 5 lines
(or 5 pixels) from an mitial diagonal location to an upper
side and diagonals located over 5 lines from the initial
diagonal location to a lower side with pixel information of
an i1mtial diagonal. According to various embodiments,
when a maximum movement range 1s set, the DDI 120 may
compare pixel information items to a specified distance. For
example, when the screen movement speed 1s set to a
maximum of 60 pixels/frame, the DDI 120 may compare
pixel information 1tems from diagonals located within 60
lines (or 60 pixels) from the initial diagonal location to the
upper side to diagonals located within 60 lines from the
initial diagonal location to the lower side.

According to an embodiment, when the screen 1s moved
to an upper side by 50 lines (or on the same line by 30 pixels)
by a scroll operation, in state 503, as the pixel information
items of the diagonal set 1n state 301 are i1dentical to pixel
information 1tems of a diagonal connecting left upper point
coordinates (259, 1) with rnight lower point coordinates
(1794, 1536), the DDI 120 may detect movement of the
diagonal through comparison of pixel information items and
may detect a screen movement speed based on the detected
result. For the example above, the screen movement speed
may be 50 pixels/frame. For another example, when the
screen 1s moved to a lower side by 60 lines depending on an
iput associated with screen movement, during the process
of comparing the pixel information items of the diagonal set
in state 501 with pixel information items of diagonals
around the diagonal, 1n state 503, the DDI 120 may 1dentily
that pixel information i1tems of a diagonal connecting left
upper point coordinates (369, 1) with right lower point
coordinates (1904, 1536) are 1identical to each other and may
calculate the amount of movement (or a scroll speed) of the
screen. For example, 1n state 505, a screen movement speed
of 60 pixels/frame may be detected.

FIG. 6 1s a drawing illustrating another example of a
method for detecting a screen movement speed according to
an embodiment of the disclosure.

Referring to FIG. 6, 1n state 601, a DDI 120 of FIG. 1 may
set an 1nitial diagonal connecting first point coordinates
(1844, 1) with second point coordinates (309, 1536) and
may compare pixel information items of diagonals located
within a certain distance to the upper side and diagonals
located within a certain distance to the lower side with pixel
information items of the initial diagonal to detect a diagonal
having the same pixel information. In this operation, the
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DDI 120 may compare some of pixel information items of
the detected specific diagonals with some of pixel informa-
tion 1tems of the mitial diagonal to determine whether the
pixel information items are identical to each other. When
pixel information 1tems on the same line (e.g., at the same
location 1n a vertical direction) are i1dentical to each other,
the DDI 120 may determine whether pixel information 1tems
ol other portions are 1dentical to each other. When the pixel
information items on the same line differ from each other,
the DDI 120 may not compare pixel information 1items of the
other portions of the diagonal to skip the diagonal. The DDI
120 may enhance a diagonal detection speed by comparing
some of diagonal pixel information items and skipping the
other portions. For example, when the screen 1s moved to the
upper side by 50 lines according to an 1nput associated with
screen movement, 1n state 603, the DDI 120 may detect a
diagonal while skipping a diagonal having pixel information
1s not the same as the imitial diagonal, until detecting a
diagonal connecting point (1794, 1) with point (259, 1536).

According to various embodiments, the DDI 120 may
detect a diagonal including the most pixel information 1tems
which are the same as pixel information items of the nitial
diagonal among diagonals within a specified range as a
result of comparing the pixel information items of the nitial
diagonal with pixel information items of other diagonals
adjacent to the mmitial diagonal. According to wvarious
embodiments, the DDI 120 may detect a diagonal through a
pattern comparison. For example, the DDI 120 may detect a
diagonal having the same pattern as a pattern of the pixel
information 1tems of the mmitial diagonal. According to
various embodiments, the DDI 120 may detect a diagonal
having the most similar pattern to a pattern of the pixel
information 1tems of the initial diagonal. In conjunction with
performing the above-mentioned operation, when having the
same pixel mnformation as the pixel information of the initial
diagonal 1n the process of comparing pixels, the DDI 120
may increase a count as a result of having the same pixel
information, as a result, detecting a screen movement speed
on the basis of a diagonal where the increased count value
1s highest. According to various embodiments, the DDI 120
may detect a diagonal while skipping a specified pixel based
on 1nput speed (e.g., fling velocity, scroll speed, or touch
input change speed) information. Alternatively, the DDI 120
may select only some pixels among diagonal pixel informa-
tion 1tems and may detect a diagonal and a screen movement
speed using only the selected some pixels. According to an
embodiment, when the mput speed 1s a specified first speed
(or 1s greater than or equal to the specified first speed), the
DDI 120 may increase the number of skipped pixels.
According to an embodiment, after skipping specified pix-
els, the DDI 120 may detect a diagonal on a pixel-by-pixel
basis.

FIG. 7 1s a drawing illustrating an example of modifying
a method for detecting a screen movement speed according
to an embodiment of the disclosure.

Referring to FIG. 7, a DDI 120 of FIG. 1 may set a
plurality of diagonals in conjunction with detecting a screen
movement speed and may detect the screen movement speed
on the basis of the plurality of diagonals. For example, 1n
state 701, the DDI 120 may set a first diagonal connecting
point (309, 1) with point (1844, 1536) and a second diagonal
connecting point (1844, 1) with point (309, 1336) as 1nitial
diagonals 1n a frame N-1. When within a certain distance to
the upper and lower sides on the basis of the first diagonal,
the DDI 120 may compare pixel information items of other
diagonals parallel to the first diagonal with pixel information
items of the first diagonal and may detect a diagonal having
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pixel information 1tems identical to the pixel information
items of the first diagonal or a diagonal having the most
pixel information i1tems identical to the pixel information
items of the first diagonal. In addition, 1n a subsequent frame
N of a state 703, the DDI 120 may detect a diagonal having
the same pixel information 1n the same manner as the first
diagonal with respect to the second diagonal. The DDI 120
may detect a screen movement speed using a diagonal
detected on the basis of the detected first diagonal and a
diagonal detected on the basis of the second diagonal.
According to various embodiments, the DDI 120 may set
three or more 1nitial diagonals. According to various
embodiments, as described above, pixels for detecting the
screen movement speed may be pixels corresponding to a
diagonal and may be pixels which are present on any line
horizontally across a screen. At least a portion of the any line
horizontally across the screen may include at least a portion
of a straight line and a curve. Alternatively, the any line
horizontally across the screen may include a line 1n a partial
region of the screen (e.g., a partial region which 1s smaller
in size than the entire screen).

FIG. 8 1s a drawing illustrating another example of
moditying a method for detecting a screen movement speed
according to an embodiment of the disclosure.

Referring to FIG. 8, in a frame N-1 of a state 801, a DDI
120 of FIG. 1 may set a plurality of mitial diagonals 1n
conjunction with detecting a screen movement speed, which
may set initial diagonals covering regions which are not
overlapped with each other and may detect the screen
movement speed on the basis of the initial diagonals. For
example, the DDI 120 may set a first diagonal connecting
point (309, 1336) with point (1076, 1) and a second diagonal
connecting point (1077, 1536) with point (1844, 1) as initial
diagonals. When within a certain distance to the upper and
lower sides on the basis of the first diagonal, 1n a subsequent
frame N of a state 803 the DDI 120 may compare pixel
information items of other diagonals parallel to the first
diagonal with pixel information of the first diagonal and may
detect a diagonal having the same pixel information as a
plurality of pixels corresponding to the first diagonal or a
diagonal having the most same pixels. In addition, the DDI
120 may detect a diagonal having the same pixel informa-
tion or a diagonal having the most same pixel information
items, 1n the same manner as the first diagonal with respect
to the second diagonal.

FIG. 9 15 a drawing 1llustrating an example of a hardware
operation method associated with detecting a screen move-
ment speed according to an embodiment of the disclosure.

Referring to FIG. 9, an electronic device 100 may operate
a touch circuitry 150, a touch driver 151 (or TSP driver), an
input framework 152, a DD1 120, a display processor 901
(e.g., a processor 110 of FIG. 1), a frame bufler 903, a
composer 905 (or SurfaceFlingery HWC composer), or an
app layer 907 (or Foreground app).

In the electronic device 100 having the above-mentioned
configuration, when an input associated with screen move-
ment 1s recerved via the touch circuitry 150, the touch driver
151 may process the input associated with the screen move-
ment, which 1s recerved by the touch circuitry 150, and may
detect a screen movement speed according to the input
associated with the screen movement. For example, the
touch driver 151 may detect a screen movement speed based
on a touch movement distance delivered from the touch
circuitry 150. The screen movement speed may be delivered
to the DDI 120 via the mput framework 152. The DDI 120
may calculate a compensation value to apply compensation
based on the delivered screen movement speed.
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According to various embodiments, the input framework
152 may deliver a screen movement speed value to the
composer 905, and the composer 905 may determine a
degree to which display data 1s compensated, depending on
the screen movement speed. When the degree to which the
display data 1s compensated i1s determined, the composer
905 may transform display data stored in the frame bufler
903 to fit the determined compensation value and may
output compensation data on the display 140 via the display
processor 901 and the DDI 120.

As described above, the electronic device 100 according
to an embodiment may directly calculate a screen movement
speed based on touch information obtained by the touch
circuitry 150, such that the DDI 120 does not calculate the
screen movement speed, and may provide the DDI 120 with
the screen movement speed, or may be used to generate
compensation data for compensating for screen movement
of display data to be output.

As described above, in conjunction with detecting the
screen movement speed, according to an embodiment, the
processor 110 (or an AP) may detect the screen movement
speed and may deliver the screen movement speed to the
DDI 120. According to various embodiments, the DDI 120
may detect a screen movement speed based on a screen
change in the method described above with reference to
FIGS. 4 to 8. According to various embodiments, the touch
circuitry 150 of the electronic device 100 may directly
deliver a screen movement speed to the DDI 120. In this
regard, a signal line may be disposed between the touch
circuitry 150 and the DDI 120. According to various
embodiments, the input framework 152 may directly deliver
information (e.g., screen movement speed information, a
fling 1mput speed, or a touch input speed) associated with
screen movement to the DDI 120. Alternatively, the input
framework 152 may deliver information (e.g., screen move-
ment speed information) associated with screen movement
to the composer 905 associated with the processor 110 and
the DDI 120 together or at the same time.

FIG. 10 1s a drawing 1llustrating an example associated
with setting an ROI according to an embodiment of the
disclosure.

Referring to FIG. 10, 1n conjunction with setting an ROI,
a DDI 120 (or a processor 110) of FIG. 1 may identily a
characteristic value for each region of data (or display data,
a screen, or an 1mage) to be output on a display 140 of FIG.
1. The characteristic value may be provided by a server or
a manufacturer, which provides the screen (or an 1mage or
a page). The characteristic value may include for example,
a value (e.g., a value defiming a characteristic for each region
of the screen) where any regions of the screen indicate a
region 1001 where a notification bar 1s displayed, a region
1002 where an address 1s entered, a menu region 1003
associated with a webpage, a region 1004 where data 1s
updated, a control key region 1005, and a region 1006 where
navigation keys capable of searching for another page are
located. According to various embodiments, the character-
1stic value may include a value defining a scrollable region
(c.g., a region 1004) and non-scrollable regions (e.g.,
regions 1001, 1002, 1003, 1005, and 1006). Thus, the DDI
120 (or the processor 110) may set an ROI based on
characteristic information defining each region of the screen.
For example, the DDI 120 may set the region 1004 where
data 1s updated within a specified time or the scrollable
region 1004 to an ROI.

FIG. 11 1s a drawing 1illustrating another example associ-
ated with setting an ROI according to an embodiment of the
disclosure.
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Referring to FIG. 11, in conjunction with setting an ROI,
a DDI 120 (or a processor 110) of FIG. 1 may extract a
representative value for each line of a screen output on a
display 140 of FIG. 1 (e.g., for each horizontal line 1n a state
where content 1s vertically displayed on the basis of the
drawing shown) and may store the extracted representative
value for each line (e.g., a value of any location, a repre-
sentative value (e.g., the largest value, the smallest value, or
a value obtained by adding all of pixel values of a corre-
sponding line) among R/G/B values of respective pixels, or
an average value for each line) 1n a memory (e.g., a second
memory 129 of FIG. 1). For example, 1n state 1101, the DDI
120 may extract representative values from a first line
1110_1 of a screen which 1s outputting on the display 140 to
the last line 1110N and may store the representative value for
cach extracted line 1n the memory. When a location of the
screen 1s changed in state 1103 depending on an input
associated with screen movement, the DDI 120 may calcu-
late a representative value for each line of the changed
screen and may compare the calculated representative value
for each line with a representative value for each line of a
previous frame stored in the memory.

According to various embodiments, the DDI 120 may
extract a region 1120 where there 1s a change in represen-
tative value from the first line to the last line and may set the
region 1120 to an ROI. The representative value for each line
may include the largest pixel value or the smallest pixel
value on a corresponding line (a value of a pixel where a
value calculated by digitizing the pixel 1s largest or small-
est). According to various embodiments, the DDI 120 may
store an average value of pixels for each line 1n the memory
and may compare the average value stored in the memory
with an average value of pixels for each line of a next frame
to 1dentify a change. According to various embodiments, the
DDI 120 may store a variance value of pixels for each line
in the memory and may compare the variance value stored
in the memory with a variance value of pixels for each line
ol a next frame to i1dentily a change. According to various
embodiments, the DDI 120 may store a checksum value
(e.g., a CRC code value) assigned for each line in the
memory and may compare the checksum value stored in the
memory with a checksum value for each line of a next frame
to 1dentify a change. The DDI 120 may set a region, where
there 1s a change or where a degree of change 1s greater than
or equal to a specified value, to an ROI.

According to various embodiments, when an image frame
corresponding to a multi-window 1s displayed on a display
panel 143 of FIG. 1, the DDI 120 may determine an ROI
depending on whether a touch mnput 1s recerved on any of a
plurality of application execution regions included in the
multi-window or whether a region currently focused 1s any
region. For example, the DDI 120 may determine an ROI
based on a frame region to which screen movement 1s
currently applicable among the plurality of application
execution regions 1included in the multi-window. For
example, the DDI 120 may determine at least a portion of a
frame region of a region on which a touch 1nput occurs or a
frame region currently focused as an ROI.

According to various embodiments, 1n a state where the
multi-window 1s displayed, the DDI 120 may determine a
central region (or a region where a pixel of the screen 1s
changed over a specified value), except for upper and lower
(or left and right) some regions from a region ol a certain
s1ze or a frame region currently focused, about a point on
which a touch mput occurs in a frame region (or an appli-
cation execution region) on which the touch iput occurs, as

an ROI.




US 11,024,262 B2

21

In the description above, 1n a state where a screen of a
display 140 of FIG. 1 1s equally divided or i1s unequally
divided, the multi-window may include a state where each
application execution screen 1s displayed for each divided
region. Alternatively, the multi-window may include a state
where an execution screen according to execution of a first
application 1s provided as a background of the display 140
depending on a picture 1n picture (PIP) function and where
a screen according to execution of a second application
different from the first application 1s displayed as a screen
smaller than the background screen.

FIG. 12 1s a drawing 1illustrating a change 1n visibility
associated with eye tracking according to an embodiment of
the disclosure.

Referring to FIG. 12, i a state where a screen 1s output
on a display 140 of FIG. 1, when the screen 1s moved
according to an 1put associated with screen movement, 1n
state 1201, a line of sight of a user may be moved along a
certain point of the moved screen. In this case, when a gate
signal 1s provided from the left to the right, an update time
ol a gate signal line adjacent to a region to which the gate
signal 1s relatively first input may be faster than an update
time of another gate line. At this time, when a line of sight
of the user performs smooth pursuit along a certain point of
the screen, a jelly scroll phenomenon where the screen 1s
moved 1n a tilted state may occur on eyes of the user.

Furthermore, when a movement speed of the screen 1s
greater than or equal to a specified speed, 1n state 1203, a
saccade phenomenon may occur. When the movement speed
of the screen 1s greater than or equal to the specified speed,
the saccade may allow the eyes of the user to recognize that
the movement of the screen does not perform smooth pursuit
and that a certain point of the screen moves to another point
in a moment. In this case, a moment 1image of the screen 1s
visible to the eyes of the user (e.g., a discontinuous moment
image 1s visible (to the eyes) or there may be an increase 1n
probability that an inverse image will be visible due to
compensation upon the compensation of screen movement).

As described above, while the eyes of the user track
movement of the screen, smooth pursuit and saccade may
alternately occur depending on movement speed of the
screen. Thus, as shown 1n FIG. 13, the electronic device 100
may compensate different screen movement for each inter-
val depending on a screen movement speed.

FIG. 13 1s a drawing 1llustrating an example of a change
in the amount of compensation according to eye tracking
according to an embodiment of the disclosure.

Referring to FIG. 13, i the graph shown, a DDI 120 (or
a processor 110) of FIG. 1 may apply a different compen-
sation value for each interval of a screen movement speed.
In a first interval (a smooth pursuit interval) where a screen
movement speed 1s greater than or equal to 0 and 1s less than
30 pixels/frame, the DDI 120 may 1ncrease a compensation
value 1n a linear manner depending on an increase 1n screen
movement speed. According to an embodiment, the DDI 120
(or the processor 110) may increase a compensation value 1in
a non-linear manner while changing a slope. According to an
embodiment, 1n an interval where the screen movement
speed 1s less than 10 pixels/frame, the DDI 120 (or the
processor 110) may fail to apply a compensation value
depending on a change 1n screen movement speed. In other
words, a compensation value (or the amount of screen tilt
compensation) may be 0.

As the compensation value increases, the DDI 120 may
increase the number of equal parts which divides the screen.
In this regard, the DDI 120 may adaptively compensate for
a tillt of data (e.g., at least one of an 1mage or a text)
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displayed on the screen by increasing the compensation
value as the screen movement speed increases.

According to various embodiments, 1 a second interval
(the smooth pursuit interval+a saccade interval) where the
screen movement speed 1s greater than or equal to 30
pixels/Irame and 1s less than 100 pixels/frame, the DDI 120
may apply a compensation value smaller than an increase in
screen movement speed. In this regard, because there 1s a
risk that an 1nverse 1image (a compensation 1mage) will be
visible depending on occurrence ol saccade at a screen
movement speed of a certain level or more, the DDI 120 may
apply a compensation value smaller than the screen move-
ment speed or may apply only a specified compensation
value. According to various embodiments, in the second
interval, the DDI 120 may apply a certain compensation
value 1rrespective of an increase 1n screen movement speed.

According to various embodiments, 1n a third interval (an
eye tracking impossible interval) where the screen move-
ment speed 1s greater than or equal to 100 pixels/iframe, the
DDI 120 may fail to apply a compensation value 1rrespective
ol occurrence of a scroll operation. Alternatively, the DDI
120 may set the compensation value to 0 to apply the
compensation value. According to various embodiments, the
DDI 120 may maintain a maximum compensation value of
a previous interval or may gradually reduce a compensation
value on the basis of the maximum compensation value of
the previous interval.

When the screen movement speed 1s greater than or equal
to a specified value, because it 1s unable for the eyes of the
user to recogmze a jelly scroll phenomenon depending on
screen movement or because 1t 1s diflicult for the eyes of the
user to feel a sense of incompatibility according to 1t
although the eyes of the user recognizes the jelly scroll
phenomenon, the DDI 120 may fail to apply a separate
compensation value. According to various embodiments, to
naturally process screen movement, a start compensation
value of each interval may be the same as a last compen-
sation value of a previous interval.

In the graph of FIG. 13 described above, a reference
screen movement speed (e.g., 30 pixels/frame or 100 pixels/
frame) differently applying a compensation scheme may be
differently defined according to the entire size of a display
140 of FIG. 1 or the entire size of a scrolled region.
Alternatively, the reference screen movement speed may be
differently defined according to the number of gate lines of
the display 140, a gate scan speed, or the like. According to
vartous embodiments, the interval may be divided on the
basis of the two reference screen movement speeds (e.g., 30
pixels/frame and 100 pixels/frame) 1n the graph of FIG. 13,
but the mterval may be divided into more intervals on the
basis of a plurality of three or more reference screen
movement speeds (e.g., 10 pixels/iframe, 20 pixels/frame, 30
pixels/frame, 50 pixels/frame, 70 pixels/frame, 90 pixels/
frame, and the like) and a compensation value may be
differently defined for each interval. Alternatively, the inter-
val may be divided into a linear increase mterval 1301, a
maintenance interval 1303, and an impossible interval 1305
on the basis of each reference value (30 pixels/frame or 100
pixels/frame) 1n the graph of FIG. 13, but a compensation
value may be applied according to a graph of a curved form
without interval division like a logarithmic graph. For
example, 1n the interval 1301 or 1303, the compensation
value for each scroll speed may increase or decrease accord-
ing to an exponential function or a logarithmic function.

FIG. 14 1s a drawing illustrating weight adjustment asso-
ciated with representing the same screen according to an
embodiment of the disclosure.
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Referring to FIG. 14, an electronic device 100 of FIG. 1
may differently operate the same 1image hold time during a
specified period (e.g., 1 Vsync or a driving cycle). An
interval where an 1mage 1s not displayed may be included 1n
the same 1mage hold time. A DDI 120 (or a processor 110)
of FIG. 1 may change a weight of a compensation value
depending on a duty ratio of an interval where an 1mage 1s
displayed on a display 140 of FIG. 1 and an interval where
an 1mage 1s not displayed on the display 140. For example,
the DDI 120 (or the processor 110) may change the weight
of the compensation value depending on Equation 1 or 2.

Weight (%)=(same 1mage hold time)/(display driving

cycle)x100% Equation 1
Weight (%)=100-40R/No_of_duty_cycles_per Fpe-
riod Equation 2

The No_of_duty_cycles_per_Vperiod may refer to a
cycle of a signal provided to represent an image per 1
driving cycle (e.g., 1 frame or 1 Vsync). The weight calcu-
lated using Equation 1 above may be multiplied by a
compensation value calculated based on a screen movement
speed, and thus, a compensation value to the weight 1s
applied may be applied to a real screen. For example, when
the number of duty cycles 1s 1 (e.g., four duty cycles for 1
Vsync) and when a display off ratio (AOR) 1s 30% (when a
ratio where the display 1s off 1s 30%), the weight may be
92.5%.

FIG. 15 1s a drawing illustrating an example of applying
a compensation value according to an embodiment of the
disclosure.

Referring to FIG. 15, a DDI 120 (or a processor 110,
hereinafter a description will be given of the DDI 120) may
generate compensation data based on one Irame. For
example, when a screen movement speed 1s detected, the
DDI 120 may determine a compensation value (or the
amount of compensation) according to the detected screen
movement speed. When the compensation value 1s deter-
mined, the DDI 120 may equally divide a screen depending,
on the determined compensation value. For example, when
the screen movement speed 1s a first speed value (or a first
speed iterval), as shown, the DDI 120 may equally divide
at least a portion of the screen 1nto a plurality of sub-regions
in a direction (or a gate scan direction) perpendicular to a
screen movement direction. According to an embodiment,
the DDI 120 may equally divide a screen region mto N
sub-regions 31_1 to 51_N. The number of N may be varied
according to the screen movement speed. For example, the
DDI 120 may increase the number of N when the screen
movement speed increases and may decrease the number of
N when the screen movement speed decreases. As described
above with reference to FIG. 14, the DDI 120 may addi-
tionally adjust the number of N (e.g., a compensation value)
by applying a weight depending on a duty ratio (an on/ofl
ratio of a duty or an on/oil arrangement ratio in one period)
at which data 1s output on a display 140 of FIG. 1 and the
number of duty cycles. According to an embodiment, when
one equal division 1s one pixel, it may be one pixel unit.

According to an embodiment, the DDI 120 may divide
cach sub-region 51_1,51_2,51_3, ..., or 51_N into three
regions (e.g., a data copy region 1510, a data shift region
1520, and a data truncation region 1330) and may add or
delete data on at least some of the divided regions to
generate compensation data. For example, the DDI 120 may
add or remove data with respect to at least some of all the
sub-regions 51_1 to 51_N.

According to an embodiment, 1n at least a portion of the
equally divided sub-regions, for example, 1n the third sub-
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region 51_3, the DD1 120 may msert first additional data
51a 1nto a first data copy region 1511. In this operation, the
DDI 120 may set a certain number of pixel lines among pixel
lines (including a plurality of pixels) in the vertical direction
as one group and may copy or use at least some of data of
pixel lines which belong to the one group (e.g., apply at least
one of various interpolation methods) to generate the first
additional data 51a. For example, 1n the drawing shown, the
DDI 120 may set 8 pixel lines as one group and may
generate the first additional data 51a from data of the 8 pixel
lines to add the first additional data 51a to the first data copy
region 1511. The DDI 120 may vary the number of groups
included 1n the first data copy region 1511 depending on a
screen movement speed. For example, the quicker the screen
movement speed, the more the number of the groups may be.
According to various embodiments, when the number of
groups 1s {ixed, the quicker the screen movement speed, the
more increased the number of pixel lines which belong to the
group may be. According to various embodiments, the
quicker the screen movement speed, the more increased the
number of groups may be. The number of pixel lines
assigned to the group may be reduced. The slower the screen
movement speed, the more decreased the number of pixel
lines which belong to the group may be. According to
various embodiments, the slower the screen movement
speed, the more decreased the number of groups may be.
The number of pixel lines assigned to the group may be
increased.

In the drawing shown, the DDI 120 may set 2 groups
including 8 pixel lines as the first data copy region 1511,
with respect to at least some sub-regions 51_2 to 51_N, and
may generate the first additional data 51a to add the first
additional data 51a to the corresponding group. According
to various embodiments, the first additional data 51a may be
generated through interpolation of data values of the 8 pixel
lines (e.g., one additional data may be generated by collect-
ing 14 of data of respective pixel lines). According to various
embodiments, the DDI 120 may select specific data among
data 1n the first data copy region 1511 and may copy the
selected data to generate additional data.

According to an embodiment, in the at least some sub-
regions 51_2 to 51_N among the equally divided sub-
regions, the DD1 120 may perform location movement
according to a screen movement speed with respect to the
first data shift region 1521. A movement distance of the first
data shift region 1521 may be determined according to the
number of additional data of the first data copy region 1511
and the number of removal data of the first data truncation
region 1531.

According to an embodiment, in the at least some sub-
regions 51_2 to 51_N among the equally divided sub-
regions, the DD1 120 may remove {first candidate data 515
from the first data truncation region 1531. In this regard, the
DDI 120 may select a plurality of groups, each of which
includes a plurality of pixel lines, in conjunction with a
configuration of the first data truncation region 1531. The
DDI 120 may select first candidate data 515 to be removed
from each group. The DDI 120 may remove the selected first
candidate data 515 from the corresponding group. The
number of groups from which the first candidate data 515 1s
removed may be varied according to a screen movement
speed. For example, as the screen movement speed
increases, the DDI 120 may increase the number of groups
from which the first candidate data 515 1s removed. Accord-
ing to various embodiments, the DDI 120 may select some
data from each of the plurality of pixel lines and may
constitute the first candidate data 516 to be removed. For
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example, when 8 pixel lines constitute one group, the DDI
120 may select data at intervals of /4 data from each pixel
line and may constitute the first candidate data 51b.

According to various embodiments, the DDI 120 may
increase data to be added to sub-regions which are away
from a gate driver 141 of FIG. 1 and may increase candidate
data to be removed from the sub-regions. For example, the
DDI 120 may constitute second additional data S1¢ to be
more than the first additional data 51a, 1n a second data copy
region 1512 in the fourth sub-region 351_4. For example,
when the first additional data 51a corresponds to two pixel
line, the DDI 120 may constitute the second additional data
51c¢ to correspond to four pixel lines. Similarly, the DDI 120
may constitute second candidate data 514 to be more than
the first candidate data 51b. Thus, a second data shiit region
1522 may move 1o a location dlﬁerent from the first data
shaft reglon 1521. A movement distance of the second data
shift region 1522 may be determined according to the
number of additional data of the second data copy region
1512 and the number of removal data of the second data
truncation region 13532

According to an embodiment, when the screen movement
direction 1s a first direction (e.g. a direction which 1is
perpendicular to a gate scan direction and moves from the
upper side to the lower side), the DDI 120 may gradually
increase data to be added to the data copy region 1510 as
going from a sub-region adjacent to a region to which a gate
signal 1s relatively first mput to a sub-region away from the
region. Alternatively, the DDI 120 may gradually increase
candidate data to be removed from the data truncation region
1530 as going from a sub-region adjacent to a region to
which a gate signal 1s relatively first input to a sub-region
away from the region.

According to various embodiments, when the screen
movement direction 1s a second direction (e.g. a direction
opposite to the first direction), the DDI 120 may gradually
decrease data to be added to the data copy region 1510 as
going from a sub-region adjacent to a region to which a gate
signal 1s relatively first input to a sub-region away from the
region. Alternatively, the DDI 120 may gradually decrease
candidate data to be removed from the data truncation region
1530 as going from a sub-region adjacent to a region to
which a gate signal 1s relatively first input to a sub-region
away from the region.

As described above, as the location of the data shift region
1520 1s gradually inclined in a gate scan direction through
the data copy region 1510 and the data truncation region
1530, as a result, the screen 1s visible as being moved at the
same time on the basis of the horizontal line along with
imbalance of a data update speed which 1s generated accord-
ing to scroll movement.

According to various embodiments, when a screen move-
ment speed 1s detected, the DDI 120 may determine a
compensation value (or the amount of compensation)
according to the detected screen movement speed. When the
compensation value 1s determined, the DDI 120 may expand
an 1mage of a screen region, a screen tilt of which should be
compensated according to the determined compensation
value, 1n a scroll direction (e.g., an upward and downward
direction or a left and right direction). The DDI 120 may
transform the expanded image into a tilted image (e.g.,
compensation data) based on the compensation value and
may display only a portion of a central portion of the titled
image on the screen.

As described above, because 1t 1s able to generate the
compensation data using one frame (1mage) data in the DDI
120 when generating the compensation data, two frame data
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may fail to be needed 1n generating the compensation data.
Due to this, a memory space 1n the DDI 120 may be saved.

FIG. 16 1s a drawing illustrating another example of
applying a compensation value according to an embodiment
of the disclosure.

Referring to FIG. 16, an electronic device 100 may
operate a touch circuitry 150, a touch driver 151, an mput
framework 152, a DD1 120, a display processor 901 (e.g., an
AP), a frame butfler 903, a composer 905, an app layer 907,
a sensor (e.g., a 6-axis sensor) 1601, or a sensor hub 1603.

In the electronic device 100 having the above-mentioned
configuration, when an input associated with screen move-
ment 1s received via the touch circuitry 150, the touch driver
151 may process the input associated with the screen move-
ment, which 1s received by the touch circuitry 150, and may
deliver screen movement information to the input frame-
work 152. The input framework 152 may deliver the screen
movement nformation to an update module 1605 of the
composer 905. The update module 1605 may obtain a screen
movement speed from the screen movement information and
may calculate a compensation value for compensation
depending on the screen movement speed, thus delivering
the compensation value to the display processor 901. The
display processor 901 may generate compensation data 1620
to be output on a display 140 of FIG. 1 depending on the
compensation value and may deliver the generated compen-
sation data 1620 to the DDI 120 to be output on the display
140. According to various embodiments, the compensation
data 1620 may be generated by at least one of the DDI 120
and the application processor (AP) (e.g., an update module).

In the above-mentioned operation, the composer 905 may
receive sensor information associated with arrangement of
the electronic device 100 from the sensor hub 1603 and may
identify a gate scan direction depending on the sensor
information. According to various embodiments, the com-
poser 905 may 1dentily a direction where content 1s output
according to a user mput and may identify a gate scan
direction based on the sensor imnformation and the content
output setting direction. When the gate scan direction 1is
determined, the composer 905 may determine whether the
gate scan direction differs from a screen movement direc-
tion. When the gate scan direction differs from the screen
movement direction, the composer 905 may generate com-
pensation data 1620 to the display processor 901 based on
the update module 1605.

The compensation data 1620 may be a screen where a
screen output on the display 140 1s tilted 1n response to a
screen movement speed. The display processor 901 may
differently determine a degree to which the screen 1s tilted,
depending on the screen movement speed on the basis of the
non-compensation data 1610 to which scroll compensation
1s not applied. The display processor 901 may obtain data of
a certain region to be output on the display panel 143 from
the compensation data 1620 inclined at a certain slope and
may output the obtained data on the display 140 via the DDI
120.

FIG. 17 1s a drawing illustrating an example of the
concept of compensating for screen movement according to
an embodiment of the disclosure.

Referring to FIG. 1, after a display 140 of FIG. 1 1s turned
on, when an iput associated with screen movement occurs,
in state 1701, as a sub-region of a display panel 142, which
1s adjacent to a region to which a gate signal 1s relatively first
input, 1s faster 1n data update speed than a sub-region of the
display panel 143, which is spaced apart from a gate driver
141, a jelly scroll phenomenon may occur.
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Referring to FIG. 17, thus, 1n state 1703, a DDI 120 or a
processor 110 of an electronic device 100 of FIG. 1 may
generate compensation data where data addition and data
removal are differently set according to a separation distance
from the gate driver 141. By applying the compensation data
generated 1n state 1703 to the situation where the jelly scroll
phenomenon occurs depending on the mput associated with
the screen movement, 1n state 1705, the electronic device
100 may output a normal screen from which the jelly scroll
phenomenon 1s removed on the display 140.

According to various embodiments, the above-mentioned
description 1s given of, but not limited thereto, the embodi-
ment of equally dividing the screen (or the display data or
the 1mage output on the screen). For example, the electronic
device 100 may perform non-uniform division in dividing a
screen depending on a screen movement speed. For
example, 1n the electronic device 100, a sub-region adjacent
to a region to which a gate signal 1s relatively first provided
may be formed to be larger 1n size than a sub-region adjacent
to a region to which the gate signal 1s provided relatively
later on the display 140. The number of non-uniform divi-
s10n regions may be varied according to a screen movement
speed. According to various embodiments, the sub-region
adjacent to the region to which the gate signal 1s relatively
first provided may be smaller as a screen movement speed
1ncreases.

As described above, an electronic device (e.g., an elec-
tronic device 100 of FIG. 1) according to an embodiment
may include a display (e.g., a display 140 of FIG. 1)
configured to output a screen and at least one processor (e.g.,
a processor 110 or a DDI 120 of FIG. 1) operatively
connected to the display. The at least one processor (e.g., at
least one of an application processor or a display driver 1C)
may be configured to receive a user mput associated with
movement of the screen output on the display, detect a
screen movement speed according to the user iput associ-
ated with the screen movement, determine an amount of
screen tilt compensation according to the screen movement
based on the screen movement speed, when the screen
movement speed 1s included 1n a first interval, and keep the
amount of screen tilt compensation based on the screen

movement speed constant, when the screen movement speed
1s included 1n a second interval faster than the first interval.

According to various embodiments, the at least one pro-
cessor may set the amount of screen tilt compensation to 0,
when the amount of screen tilt compensation based on the
screen movement speed 1s kept constant.

According to various embodiments, the at least one pro-
cessor may set the amount of screen t1lt compensation to a
specific value rather than 0, when the amount of screen tilt
compensation based on the screen movement speed 1s kept
constant.

According to various embodiments, the at least one pro-
cessor may set the amount of screen tilt compensation
according to the screen movement based on the screen
movement speed to 0, when the screen movement speed 1s
included 1n a third interval faster than the second interval.

According to various embodiments, the at least one pro-
cessor may set the amount of screen tilt compensation
according to the screen movement based on the screen
movement speed to 0, when the screen movement speed 1s
included in an interval slower than the first interval.

According to various embodiments, the at least one pro-
cessor may set a change in the amount of screen tilt
compensation according to the screen movement speed 1n a
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linear manner, when determining the amount of screen tilt
compensation according to the screen movement based on
the screen movement speed,

According to various embodiments, the at least one pro-
cessor may set a change in an amount of compensation
according to the screen movement speed 1n a non-linear
manner, when determining the amount of screen tilt com-
pensation according to the screen movement based on the
screen movement speed.

An electronic device (e.g., an electronic device 100 of
FIG. 1) according to various embodiments may include a
display (e.g., a display 140 of FIG. 1) configured to output
a screen and at least one processor (e.g., a processor 110 or
a DDI 120 of FIG. 1) operatively connected to the display.
The at least one processor (e.g., at least one of an application
processor or a display driver IC) may be configured to
receive a user input associated with movement of a screen
output on the display, detect a screen movement speed
according to the user input associated with the screen
movement, and differently determine an amount of screen
t1lt compensation of at least a partial screen region according
to the screen movement, depending on the screen movement
speed.

According to various embodiments, the at least one pro-
cessor may be configured to determine a number to equally
divide a current screen Iframe depending on the screen
movement speed (or the amount of compensation), divide
cach of the equally divided screen regions (e.g., 51_1 to
51_N of FIG. 15) mto a central region (e.g., a data shait
region 1520 of FIG. 15), a data copy region (e.g., a data copy
region 1510 of FIG. 15), and a data truncation region (e.g.,
a data truncation region 1530 of FIG. 15) in the current
screen frame, and perform a compensation operation of
adding a certain amount of data to the data copy region and
removing and displaying the same amount of data as the
added data from the data truncation region while moving the
central region 1n a direction opposite to the a movement of
the screen.

According to various embodiments, the at least one pro-
cessor may differently assign sizes of the data copy region
and the data truncation region depending on a magnitude of
the screen movement speed (or the amount of compensa-
tion).

According to various embodiments, the data copy region
may include a region (e.g., at least some screen regions at an
edge 1 an upper direction or a lower direction of the
display) disposed 1n a first direction of the display, when the
screen movement direction 1s from the first direction (e.g.,
an upper direction or a lower direction) to a second direction
(e.g., the lower direction or the upper direction), and the data
truncation region may include a region (e.g., at least some
screen regions at an edge 1n the lower direction or the upper
direction of the display) disposed 1n the second direction of
the display, when the screen movement direction 1s from the
first direction to the second direction.

According to various embodiments, the data copy region
may 1nclude a region disposed 1n a second direction of the
display, when the screen movement direction 1s from the
second direction to a first direction, and the data truncation
region may include a region disposed in the first direction of
the display, when the screen movement direction 1s from the
second direction to the first direction.

According to various embodiments, the at least one pro-
cessor may be configured to divide a plurality of pixel lines
included 1n the data copy region into a plurality of groups
and generate data to be added through 1nterpolation of pixel
lines 1n each of the plurality of divided groups.
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According to various embodiments, the number of the
data to be added may be differently determined according to
a location of the equally divided screen region.

According to various embodiments, the at least one pro-
cessor may be configured to divide a plurality of pixel lines
included 1n the data truncation region into a plurality of
groups and configure (or determine) data (candidate data) to
be removed, using some data on respective pixel lines
included in the plurality of groups.

According to various embodiments, the number of the
data to be removed may be diflerently determined according
to a location of the equally divided screen region.

According to various embodiments, the region disposed
in the first direction and the region disposed in the second
direction may be differently assigned 1n size according to a
location of the equally divided screen.

According to various embodiments, the at least one pro-
cessor may be configured to assign a data copy region of
screen regions being updated relatively first by a gate drniver
(e.g., a gate driver 141 of FIG. 1) to be larger or smaller than
a data copy region of screen regions being updated relatively
later than by the gate driver.

According to various embodiments, the at least one pro-
cessor may be configured to assign a data truncation region
of screen regions being updated relatively first by a gate
driver to be smaller or greater than a data truncation region
ol screen regions being updated relatively later by the gate
driver.

According to various embodiments, the at least one pro-
cessor may be configured to assign a large number to equally
divide the current screen frame as the screen movement
speed (or the amount of compensation) increases.

According to various embodiments, the at least one pro-
cessor may be configured to extract a region ol interest
(ROI) (e.g., a scrollable region 1004 of FIG. 10 or a region
1120 where at least some pixel values are changed 1n FIG.
11) from a screen displayed on the display and add and
remove the data within the ROL.

According to various embodiments, the at least one pro-
cessor may be configured to detect the screen movement
speed based on a change 1n pixel information on a segment
connecting a first point of the display with a second point of
the display.

According to various embodiments, the segment may
include a diagonal connecting the right of the display with
the left of the display (e.g., a diagonal connecting one point
of a display panel 143 of FIGS. 4 to 8 with the other point).

According to various embodiments, the at least one pro-
cessor may be configured to determine whether a screen
movement direction according to the user mput 1s 1dentical
to the gate scan direction and detect a screen movement
speed according to an input associated with the screen
movement as the user mput 1s received, when the screen
movement direction 1s not i1dentical to the gate scan direc-
tion.

According to various embodiments, a method for com-
pensating for screen movement of a display may include
outputting a screen on the display, receiving a user input,
determining whether a screen movement direction according
to the user input 1s 1dentical to a gate scan direction, when
the user mput 1s an mput associated with screen movement,
detecting a screen movement speed according to the mput
associated with the screen movement, when the screen
movement direction 1s not 1dentical to the gate scan direc-
tion, and differently determining a compensation value asso-
ciated with a degree to whether a current screen frame 1s
inclined, depending on the screen movement speed.
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According to various embodiments, the differently deter-
mining of the compensation value may include determining
a number to equally divide the current screen frame, divid-
ing each of the equally divided screen regions into a central
region, a data copy region, and a data truncation region in
the current screen frame, and performing a compensation
operation of adding additional data to the data copy region
and removing and displaying candidate data from the data
truncation region, while moving the central region i a
direction opposite to a screen movement direction. The
method may further include differently assigning sizes of the
data copy region and the data truncation region depending
on a magnitude of the screen movement speed or differently
determining the number of the additional data and the
number of the candidate data depending on a location of an
equally divided screen region.

According to various embodiments, the detecting of the
screen movement speed may include detecting the screen
movement speed based on a change 1n pixel information on
a diagonal segment connecting a first point of the display
with a second poimnt of the display. The compensation
operation may include extracting an ROI from a screen
displayed on the display, detecting the screen movement
speed within the ROI, and adding additional data or remov-
ing the candidate data depending on a screen movement
speed on the ROL.

Meanwhile, an electronic device, according to an embodi-
ment of the disclosure, for determining an amount of com-
pensation according to a screen movement speed and per-
forming screen compensation based on the screen movement
speed by applying the amount of compensation 1s also
applicable to a foldable display device. The foldable display
device (or a foldable device or a foldable electronic device)
may include a first housing, a second housing, and at least
one hinge structure disposed between the first housing and
the second housing. The foldable display device may further
include a hinge housing surrounding the hinge structure. A
display, a central portion of which 1s foldable, may be
disposed on an upper portion of the first housing, the second
housing, and the hinge structure. The at least one processor
may be located 1n at least one of the first housing and the
second housing. The at least one hinge structure may include
a hinge structure, a central portion of which adopts a gear
structure, at least one detent hinge structure capable of
providing a sense of detent, and at least one hinge structure
where a gear structure 1s excepted from both sides to prevent
the housing from being twisted. At least one plate covering
the hinge structure may be disposed between the display and
the hinge structure. According to various embodiments, a
plate (e.g., a plate or a sheet adopting a lattice structure) for
protecting the display may be further disposed between one
surface composed of the first housing, the second housing,
and the hinge structure and a rear surface of the display. The
foldable electronic device may have an unfolding state, a
holding state at a specified angle (a folding angle of 90
degrees, 120 degrees, 140 degrees, 160 degrees, or the like
of the display), or a folding state.

FIG. 18 1s a block diagram 1illustrating an electronic
device 1801 1n a network environment 1800 according to an
embodiment of the disclosure.

Referring to FIG. 18, the electronic device 1801 1n the
network environment 1800 may communicate with an elec-
tronic device 1802 via a first network 1898 (e.g., a short-
range wireless commumnication network), or an electronic
device 1804 or a server 1808 via a second network 1899
(e.g., a long-range wireless communication network).
According to an embodiment, the electronic device 1801
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may communicate with the electronic device 1804 via the
server 1808. According to an embodiment, the electronic
device 1801 may include a processor 1820, memory 1830,
an iput device 1850, a sound output device 1855, a display
device 1860, an audio module 1870, a sensor module 1876, °
an 1nterface 1877, a haptic module 1879, a camera module
1880, a power management module 1888, a battery 1889, a
communication module 1890, a subscriber i1dentification
module (SIM) 1896, or an antenna module 1897. In some
embodiments, at least one (e.g., the display device 1860 or
the camera module 1880) of the components may be omitted
from the electronic device 1801, or one or more other
components may be added in the electronic device 1801. In
some embodiments, some of the components may be imple-
mented as single integrated circuitry. For example, the
sensor module 1876 (e.g., a fingerprint sensor, an 1r1s sensof,
or an 1lluminance sensor) may be implemented as embedded
in the display device 1860 (e.g., a display).

The processor 1820 may execute, for example, software ¢
(c.g., a program 1840) to control at least one other compo-
nent (e.g., a hardware or software component) of the elec-
tronic device 1801 coupled with the processor 1820, and
may perform various data processing or computation.
According to one embodiment, as at least part of the data 25
processing or computation, the processor 1820 may load a
command or data received from another component (e.g.,
the sensor module 1876 or the communication module 1890)
in volatile memory 1832, process the command or the data
stored 1n the volatile memory 1832, and store resulting data 30
in non-volatile memory 1834. According to an embodiment,
the processor 1820 may 1nclude a main processor 1821 (e.g.,

a central processing unit (CPU) or an application processor
(AP)), and an auxiliary processor 1823 (e.g., a graphics
processing unit (GPU), an image signal processor (ISP), a 35
sensor hub processor, or a communication processor (CP))
that 1s operable independently from, or in conjunction with,
the main processor 1821. Additionally or alternatively, the
auxiliary processor 1823 may be adapted to consume less
power than the main processor 1821, or to be specific to a 40
specified function. The auxiliary processor 1823 may be
implemented as separate from, or as part of the main
processor 1821.

The auxiliary processor 1823 may control at least some of
functions or states related to at least one component (e.g., the 45
display device 1860, the sensor module 1876, or the com-
munication module 1890) among the components of the
clectronic device 1801, instead of the main processor 1821
while the main processor 1821 1s in an mactive (e.g., sleep)
state, or together with the main processor 1821 while the 50
main processor 1821 1s in an active state (e.g., executing an
application). According to an embodiment, the auxiliary
processor 1823 (e.g., an 1image signal processor or a com-
munication processor) may be implemented as part of
another component (e.g., the camera module 1880 or the 55
communication module 1890) functionally related to the
auxiliary processor 1823.

The memory 1830 may store various data used by at least
one component (e.g., the processor 1820 or the sensor
module 1876) of the electronic device 1801. The various 60
data may include, for example, software (e.g., the program
1840) and 1nput data or output data for a command related
thereto. The memory 1830 may include the volatile memory
1832 or the non-volatile memory 1834.

The program 1840 may be stored in the memory 1830 as 65
software, and may include, for example, an operating system
(OS) 1842, middleware 1844, or an application 1846.
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The input device 1850 may receive a command or data to
be used by another component (e.g., the processor 1820) of
the electronic device 1801, from the outside (e.g., a user) of
the electronic device 1801. The input device 1850 may
include, for example, a microphone, a mouse, a keyboard, or
a digital pen (e.g., a stylus pen).

The sound output device 1855 may output sound signals
to the outside of the electronic device 1801. The sound
output device 1855 may include, for example, a speaker or
a receiwver. The speaker may be used for general purposes,
such as playing multimedia or playing record, and the
receiver may be used for an imncoming call. According to an
embodiment, the receiver may be implemented as separate
from, or as part of the speaker.

The display device 1860 may visually provide informa-
tion to the outside (e.g., a user) of the electronic device 1801.
The display device 1860 may include, for example, a
display, a hologram device, or a projector and control
circuitry to control a corresponding one of the display,
hologram device, and projector. According to an embodi-
ment, the display device 1860 may include touch circuitry
(or touch screen panel itegrated chip (TSP IC)) adapted to
detect a touch, or sensor circuitry (e.g., a pressure sensor)
adapted to measure the intensity of force incurred by the
touch.

The audio module 1870 may convert a sound i1nto an
clectrical signal and vice versa. According to an embodi-
ment, the audio module 1870 may obtain the sound via the
input device 1850, or output the sound via the sound output
device 1855 or a headphone of an external electronic device
(e.g., an electronic device 1802) directly (e.g., wiredly) or
wirelessly coupled with the electronic device 1801.

The sensor module 1876 may detect an operational state
(e.g., power or temperature) of the electronic device 1801 or
an environmental state (e.g., a state of a user) external to the
clectronic device 1801, and then generate an electrical signal
or data value corresponding to the detected state. According
to an embodiment, the sensor module 1876 may include, for
example, a gesture sensor, a gyro sensor, an atmospheric
pressure sensor, a magnetic sensor, an acceleration sensor, a
gr1ip Sensor, a proximity sensor, a color sensor, an infrared
(IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an i1lluminance sensor.

The interface 1877 may support one or more specified
protocols to be used for the electronic device 1801 to be
coupled with the external electronic device (e.g., the elec-
tronic device 1802) directly (e.g., wiredly) or wirelessly.
According to an embodiment, the interface 1877 may
include, for example, a high definition multimedia interface
(HDMI), a universal serial bus (USB) interface, a secure
digital (SD) card interface, or an audio interface.

A connecting terminal 1878 may include a connector via
which the electronic device 1801 may be physically con-
nected with the external electronic device (e.g., the elec-
tronic device 1802). According to an embodiment, the
connecting terminal 1878 may include, for example, a
HDMI connector, a USB connector, a SD card connector, or
an audio connector (e.g., a headphone connector).

The haptic module 1879 may convert an electrical signal
into a mechanical stimulus (e.g., a vibration or a movement)
or electrical stimulus which may be recognized by a user via
hi1s tactile sensation or kinesthetic sensation. According to an
embodiment, the haptic module 1879 may include, for
example, a motor, a piezoelectric element, or an electric
stimulator.

The camera module 1880 may capture an image or
moving images. According to an embodiment, the camera
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module 1880 may include one or more lenses, 1mage sen-
sors, image signal processors, or tlashes.

The power management module 1888 may manage power
supplied to the electronic device 1801. According to one
embodiment, the power management module 1888 may be
implemented as at least part of, for example, a power
management itegrated circuit (PMIC).

The battery 1889 may supply power to at least one
component of the electronic device 1801. According to an
embodiment, the battery 1889 may include, for example, a
primary cell which 1s not rechargeable, a secondary cell
which 1s rechargeable, or a fuel cell.

The communication module 1890 may support establish-
ing a direct (e.g., wired) communication channel or a
wireless communication channel between the electronic
device 1801 and the external electronic device (e.g., the
electronic device 1802, the electronic device 1804, or the
server 1808) and performing communication via the estab-
lished communication channel. The communication module
1890 may include one or more communication processors
that are operable imndependently from the processor 1820
(e.g., the application processor (AP)) and supports a direct
(e.g., wired) communication or a wireless communication.
According to an embodiment, the communication module
1890 may include a wireless communication module 1892
(e.g., a cellular communication module, a short-range wire-
less communication module, or a global navigation satellite
system (GNSS) communication module) or a wired com-
munication module 1894 (e.g., a local area network (LAN)
communication module or a power line communication
(PLC) module). A corresponding one of these communica-
tion modules may communicate with the external electronic
device via the first network 1898 (e.g., a short-range com-
munication network, such as Bluetooth™ wireless-fidelity
(Wi-F1) direct, or infrared data association (IrDA)) or the
second network 1899 (e.g., a long-range communication
network, such as a cellular network, the Internet, or a
computer network (e.g., LAN or wide area network (WAN)).
These various types ol communication modules may be
implemented as a single component (e.g., a single chip), or
may be implemented as multi components (e.g., multi chips)
separate from each other. The wireless communication mod-
ule 1892 may 1dentity and authenticate the electronic device
1801 1n a communication network, such as the first network
1898 or the second network 1899, using subscriber infor-
mation (e.g., international mobile subscriber 1dentity
(IMSI)) stored 1n the subscriber 1dentification module 1896.

The antenna module 1897 may transmit or receive a
signal or power to or from the outside (e.g., the external
clectronic device) of the electronic device 1801. According
to an embodiment, the antenna module 1897 may include an
antenna including a radiating element composed of a con-
ductive material or a conductive pattern formed 1n or on a
substrate (e.g., PCB). According to an embodiment, the
antenna module 1897 may include a plurality of antennas. In
such a case, at least one antenna appropriate for a commu-
nication scheme used 1n the communication network, such
as the first network 1898 or the second network 1899, may
be selected, for example, by the communication module
1890 (e.g., the wireless communication module 1892) from
the plurality of antennas. The signal or the power may then
be transmitted or received between the communication
module 1890 and the external electronic device via the
selected at least one antenna. According to an embodiment,
another component (e.g., a radio frequency integrated circuit
(RFIC)) other than the radiating element may be additionally
formed as part of the antenna module 1897.
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At least some of the above-described components may be
coupled mutually and communicate signals (e.g., commands
or data) therebetween via an inter-peripheral communication
scheme (e.g., a bus, general purpose input and output
(GPIO), serial peripheral interface (SPI), or mobile industry
processor mtertace (MIPI)).

According to an embodiment, commands or data may be
transmitted or received between the electronic device 1801
and the external electronic device 1804 via the server 1808
coupled with the second network 1899. Each of the elec-
tronic devices 1802 and 1804 may be a device of a same type
as, or a different type, from the electronic device 1801.
According to an embodiment, all or some of operations to be
executed at the electronic device 1801 may be executed at
one or more of the external electronic devices 1802, 1804,
or 1808. For example, 11 the electronic device 1801 should
perform a function or a service automatically, or 1n response
to a request from a user or another device, the electronic
device 1801, instead of, or in addition to, executing the
function or the service, may request the one or more external
clectronic devices to perform at least part of the function or
the service. The one or more external electronic devices
receiving the request may perform the at least part of the
function or the service requested, or an additional function
or an additional service related to the request, and transfer an
outcome of the performing to the electronic device 1801.
The electronic device 1801 may provide the outcome, with
or without further processing of the outcome, as at least part
of a reply to the request. To that end, a cloud computing,
distributed computing, or client-server computing technol-
ogy may be used, for example.

The electronic device according to various embodiments
may be one of various types of electronic devices. The
clectronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer
device, a portable multimedia device, a portable medical
device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the elec-
tronic devices are not limited to those described above.

It should be appreciated that various embodiments of the
present disclosure and the terms used therein are not
intended to limit the technological features set forth herein
to particular embodiments and include various changes,
equivalents, or replacements for a corresponding embodi-
ment. With regard to the description of the drawings, similar
reference numerals may be used to refer to similar or related
clements. As used herein, each of such phrases as “A or B,”
“at least one of A and B,” “at least one of A or B,” “A, B,
or C,” “at least one of A, B, and C.” and “at least one of A,
B, or C,” may include any one of, or all possible combina-
tions of the items enumerated together in a corresponding
one of the phrases. As used herein, such terms as “1st” and
“2nd,” or “first” and “second” may be used to simply
distinguish a corresponding component from another, and
does not limit the components in other aspect (e.g., impor-
tance or order). It 1s to be understood that 1f an element (e.g.,
a first element) 1s referred to, with or without the term
“operatively” or “communicatively,” as “coupled with,”
“coupled to,” “connected with,” or “connected to” another
clement (e.g., a second element), 1t means that the element
may be coupled with the other element directly (e.g.,
wiredly), wirelessly, or via a third element.

As used herein, the term “module” may include a umnit
implemented 1n hardware, soitware, or firmware, and may
interchangeably be used with other terms, for example,
“logic,” “logic block,” “part,” or “circuitry.” A module may
be a single mtegral component, or a mimmum unit or part
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thereot, adapted to perform one or more functions. For
example, according to an embodiment, the module may be

implemented 1n a form of an application-specific integrated
circuit (ASIC).

Various embodiments as set forth herein may be imple-
mented as soltware (e.g., the program 1840) including one
or more 1nstructions that are stored in a storage medium
(¢.g., internal memory 1836 or external memory 1838) that
1s readable by a machine (e.g., the electronic device 1801).
For example, a processor (e.g., the processor 1820) of the
machine (e.g., the electronic device 1801) may mnvoke at
least one of the one or more instructions stored 1n the storage
medium, and execute 1t, with or without using one or more
other components under the control of the processor. This
allows the machine to be operated to perform at least one
function according to the at least one instruction invoked.
The one or more 1structions may include a code generated
by a compiler or a code executable by an interpreter. The
machine-readable storage medium may be provided in the
form of a non-transitory storage medium. Wherein, the term
“non-transitory” simply means that the storage medium 1s a
tangible device, and does not include a signal (e.g., an
clectromagnetic wave), but this term does not differentiate
between where data 1s semi-permanently stored 1n the stor-
age medium and where the data 1s temporarily stored 1n the
storage medium.

According to an embodiment, a method according to
various embodiments of the disclosure may be included and
provided 1n a computer program product. The computer
program product may be traded as a product between a seller
and a buyer. The computer program product may be distrib-
uted 1 the form of a machine-readable storage medium
(e.g., compact disc read only memory (CD-ROM)), or be
distributed (e.g., downloaded or uploaded) online via an
application store (e.g., PlayStore™), or between two user
devices (e.g., smart phones) directly. IT distributed online, at
least part of the computer program product may be tempo-
rarily generated or at least temporarily stored i the
machine-readable storage medium, such as memory of the
manufacturer’s server, a server of the application store, or a
relay server.

According to various embodiments, each component
(e.g., a module or a program) of the above-described com-
ponents may include a single entity or multiple entities.
According to various embodiments, one or more of the
above-described components may be omitted, or one or
more other components may be added. Alternatively or
additionally, a plurality of components (e.g., modules or
programs) may be integrated into a single component. In
such a case, according to various embodiments, the inte-
grated component may perform one or more functions of
cach of the plurality of components in the same or similar
manner as they are performed by a corresponding one of the
plurality of components before the integration. According to
various embodiments, operations performed by the module,
the program, or another component may be carried out
sequentially, i parallel, repeatedly, or heuristically, or one
or more of the operations may be executed in a different
order or omitted, or one or more other operations may be
added.

According to various embodiments of the disclosure, the
clectronic device may support more natural screen move-
ment.

While the disclosure has been shown and described with
reference to various embodiments thereof, it will be under-
stood by those skilled 1n the art that various changes 1n form
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and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims and their equivalents.

What 15 claimed 1s:

1. An electronic device, comprising;:

a display; and

at least one processor operatively connected to the dis-

play,

wherein the at least one processor 1s configured to:

receive a user mput associated with movement of a
screen, the screen output on the display, and

detect a screen movement speed corresponding to the
user nput associated with the screen movement,

wherein the at least one processor 1s further configured to:

apply an amount of screen tilt compensation to the
screen, the amount of screen tilt compensation deter-
mined according to an amount of change of the
screen movement speed during a first range of the
screen movement speed,

maintain the amount of screen tilt compensation inde-
pendent of a change of the screen movement speed
during a second range of the screen movement
speed, and

output the screen without applying the screen tilt com-
pensation during a third range of the screen move-
ment speed,

wherein a screen movement speed of the third range 1s

faster than a screen movement speed of the second
range, and

wherein the screen movement speed of the second range

1s faster than a screen movement speed of the first
range.

2. The electronic device of claim 1, wherein the amount
of screen tilt compensation comprises O, when the amount of
screen tilt compensation 1s maintained.

3. The electronic device of claim 1, wherein the amount
of screen tilt compensation includes a specific value other
than 0, when the amount of screen tilt compensation 1s
maintained.

4. The electronic device of claim 1, wherein a change 1n
the amount of screen tilt compensation corresponding to the
screen movement speed 1s a linear change, when determin-
ing the amount of screen tilt compensation corresponding to
the screen movement based on the screen movement speed
in the first range.

5. The electronic device of claim 1, wherein a change 1n
the amount of screen tilt compensation corresponding to the
screen movement speed 1s a non-linear change, when deter-
mining the amount of screen tilt compensation correspond-
ing to the screen movement based on the screen movement
speed 1n the first range.

6. The electronic device of claim 1, wherein the at least
one processor 1s further configured to:

determine a number to equally divide a current screen

frame, of the screen, into screen regions according to
the amount of screen tilt compensation,

divide each of the equally divided screen regions into a

central region, a data copy region, and a data truncation
region 1n the current screen frame, and

perform an operation of adding a certain amount of data

to, and displaying the certain amount of data in, the data
copy region, and removing the certain amount of data
from the data truncation region while moving the
central region 1n a direction opposite to the movement
of the screen.

7. The electronic device of claim 6, wherein the at least
one processor differently assigns sizes of the data copy
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region and the data truncation region according to the
amount of screen t1lt compensation.
8. The electronic device of claim 6,
wherein the data copy region 1s a region disposed 1n a first
direction of the display, when the screen movement
direction 1s from the first direction to a second direc-
tion,
wherein the data truncation region 1s a region disposed 1n

the second direction of the display, when the screen
movement direction 1s from the first direction to the
second direction,

wherein the data copy region 1s a region disposed in the

second direction of the display, when the screen move-
ment direction 1s from the second direction to the first

direction, and

wherein the data truncation region 1s a region disposed 1n
the first direction of the display, when the screen
movement direction 1s from the second direction to the
first direction.

9. The electronic device of claim 8, wherein the region
disposed 1n the first direction and the region disposed in the
second direction vary 1n size with respect to a location of an
equally divided screen region of the equally divided screen
regions.

10. The electronic device of claim 9, wherein the at least
one processor 1s further configured to assign a data copy
region of screen regions being updated earlier by a gate
driver to be larger or smaller than a data copy region of
screen regions being updated later by the gate driver.

11. The electronic device of claim 9, wherein the at least
one processor 1s further configured to assign a data trunca-
tion region of screen regions being updated earlier by a gate
driver to be smaller or greater than a data truncation region
ol screen regions being updated later by the gate driver.

12. The electronic device of claim 6,

wherein the at least one processor divides a plurality of

pixel lines included in the data copy region mnto a
plurality of groups and generates data to be added
through interpolation of pixel lines in each of the
plurality of groups, and

wherein the certain amount of the data to be added 1s

differently determined with respect to a location of an
equally divided screen region of the equally divided
screen regions.
13. The electronic device of claim 6,
wherein the at least one processor divides a plurality of
pixel lines included 1n the data truncation region 1nto a
plurality of groups and determines the certain amount
of the data to be removed, using data on respective
pixel lines included in the plurality of groups, and

wherein the certain amount of the data to be removed 1s
differently determined with respect to a location of an
equally divided screen region of the equally divided
screen regions.
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14. The electronic device of claim 6, wherein the at least
one processor 1s further configured to assign a larger number
to equally divide the current screen frame as the amount of
screen tilt compensation increases.

15. The electronic device of claim 6, wherein the at least
one processor 1s further configured to:

extract a region of interest (ROI) from the screen dis-

played on the display; and

add and remove the certain amount of data within the
ROI.

16. The electronic device of claim 6, wherein the at least
one processor 1s further configured to detect the screen
movement speed based on a change 1n pixel information on
a segment connecting a first point of the display with a
second point of the display.

17. The electronic device of claim 16, wherein the seg-
ment includes a diagonal connecting a right part of the
display with a left part of the display.

18. The electronic device of claim 1, wherein the at least
one processor 1s further configured to:

determine whether a screen movement direction corre-

sponding to the user iput 1s 1dentical to a gate scan
direction, and

detect the screen movement speed corresponding to the

user mput associated with the screen movement as the
user input 1s received, when the screen movement
direction 1s not identical to the gate scan direction.

19. A method of compensating for screen movement of a
display of an electronic device, the method comprising:

recerving a user mput associated with movement of a

screen, the screen output on the display;
detecting a screen movement speed corresponding to the
user put associated with the screen movement;

applying an amount of screen tilt compensation to the
screen, the amount of screen tilt compensation deter-
mined according to an amount of change of the screen
movement speed during a first range of the screen
movement speed;

maintaining the amount of screen tilt compensation 1nde-

pendent of a change of the screen movement speed
during a second range of the screen movement speed;
and

outputting the screen without applying the screen tilt

compensation during a third range of the screen move-
ment speed,

wherein a screen movement speed of the third range 1s

faster than a screen movement speed of the second
range, and

wherein the screen movement speed of the second range

1s faster than a screen movement speed of the first
range.
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